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Abstract: Background: Multiple sclerosis (MS) is a chronic autoimmune disorder affecting the central
nervous system (CNS). Due to the different phenotypes of the disease and non-specific symptoms of
MS, there is a great need for a validated panel of biomarkers to facilitate the diagnosis, predict disease
progression, and evaluate treatment outcomes. Methods: We determined the levels of the parameters
of brain injury (NF-H, GPAF, S100B, and UCHL1) and the selected cytokines in the cerebrospinal
fluid (CSF) in 101 patients diagnosed de novo with RRMS and 75 healthy controls. All determinations
were made using the Bio-Plex method. Results: We found higher levels of NF-H and GFAP in the
relapsing-remitting multiple sclerosis (RRMS) group compared to the controls. The concentrations
of both molecules were significantly increased in patients with Gd+ lesions on brain MRI. The level
of S100B did not differ significantly between the groups. UCHL1 concentrations were higher in
the control group. We found some correlations between the selected cytokines, the levels of the
parameters of brain injury, and the time from the first symptoms to the diagnosis of MS. Conclusions:
The role of the above molecules in MS is promising. However, further research is warranted to define
their precise functions.
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1. Introduction

Multiple sclerosis (MS) is a chronic inflammatory disorder of the central nervous
system (CNS) caused by an autoimmune attack on the myelin sheath and the cells that
produce and maintain it. This process leads to neurodegeneration in the brain and spinal
cord. MS typically affects young adults, causing various neurological symptoms [1,2].
Exogenous, environmental, and genetic factors may be involved in the development of the
disease. However, the etiology is not fully elucidated [3].

There are four phenotypes of MS, depending on their clinical course: relapsing-
remitting multiple sclerosis (RRMS), primary progressive multiple sclerosis (PPMS), sec-
ondary progressive multiple sclerosis (SPMS), and clinically isolated syndrome (CIS) [3].
Inflammation is prevalent in all phenotypes of MS [4]. RRMS is the most common phe-
notype found in 85% of patients with MS. The relapse rate is estimated to be between 0.4
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and 1.2 per year. Remission occurs between relapses. At the onset of the disease, remis-
sions are almost complete. However, relapses gradually lead to disability as the disease
progresses [3].

Demyelinated areas with destruction and loss of oligodendrocytes are the most typical
features of MS [2]. Even when myelin is entirely gone, axons are retained to varying degrees.
The inflammatory activation of lymphocytes B, T, and plasma cells causes pathological
alterations. Demyelination activates astrocytes, resulting in the formation of gliotic scars [2].
Because of the activation of oligodendrocyte progenitor cells, partial remyelination is also
possible [2].

Inflammatory mechanisms cause demyelination and neurodegeneration. Current
research indicates that neurodegeneration may trigger MS [2]. It has been hypothesized that
inflammation modifies the primary process of neurodegeneration [5]. MS is distinguished
by neuronal and axonal loss, astrocytic gliosis, and demyelination. Axonal loss can occur
suddenly, due to new inflammatory events, or gradually in chronic demyelination [6].
Axonal loss mechanisms have been documented, including neuronal energy deficit, myelin
trophic support loss, and the production of reactive oxygen species (ROS) or nitric oxide
(NO) [7,8]. ROS and NO can generate mitochondrial dysfunction. That may result in the
variety of degenerative characteristics seen in MS [7,8]. Mitochondrial dysfunction can
also contribute to ATP generation and higher calcium levels, which can lead to neuronal
death [7,9].

Due to chronic inflammation, an imbalance between damage, repair, and functional
reserve of the brain is observed [4]. Progressive neuronal damage is reflected by the
increased levels of biomarkers of brain injury. They are of great value in assessing the stage
of the disease, the prognosis, and the response to treatment. Various potential parameters of
brain injury, such as NF-H, GFAP, S100B, and UCHL1, have been described in the literature.
However, there is still limited data on their function in MS [10].

Neurofilaments (NFs) are the elements of the neuronal cytoskeleton that are partic-
ularly abundant in axons. They provide structural support and maintain the size and
shape of the axons. NFs belong to the family of intermediate filaments and are composed
of three subunits: light-chain neurofilament (NF-L), medium neurofilament (NF-M), and
heavy neurofilament (NF-H) [11]. Following axonal damage in the CNS, neurofilament
proteins are released into the cerebrospinal fluid (CSF), which indicates axonal damage
and neuronal death. NF-L is the most extensively studied subtype in this context [12,13].
In RRMS, neurofilaments are associated with the clinical and radiological activity of the
disease and may predict disability progression [14]. Neurofilaments as biomarkers have
been the subject of intensive research since the discovery of elevated NF-L levels in patients
with RRMS [13].

Glial fibrillary acidic protein (GFAP) is a type III intermediate filament protein that
belongs to the family of cytoskeletal proteins. It is expressed in many types of CNS cells,
primarily in the cytoplasm of astrocytes. GFAP ensures astrocyte stability, maintains astro-
cyte shape, and is a marker for astroglial activation [15]. GFAP expression is usually low in
resting astrocytes. GFAP secretion is increased in response to brain injury and astrocyte
hypertrophy. This reaction is known as reactive gliosis, in which astrocyte cells undergo
functional changes in response to CNS injury. Neuroinflammation has been connected
to the pathophysiology of many neurological conditions and neurochemical biomarkers,
including GFAP, which may be useful biofluid markers of brain injury correlated with
neurodegeneration [15–20]. Studies have shown that GFAP levels are elevated in MS
patients. High GFAP levels are correlated with increased disease activity, disability pro-
gression, and pathology on MRI. For this reason, GFAP has gained interest as a potential
biomarker for assessing MS severity, monitoring response to treatment, and predicting
disease progression [17,21–23].

S100B is a helix-loop-helix protein with a calcium-binding domain [24,25]. By in-
creasing nuclear factor kappa B (NFkB) expression and activating the mitogen-activated
protein kinase (MAPK) pathway, this molecule prolongs cell life and promotes cell prolifer-
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ation [25]. Astrocytes are the immediate target of the protein. S100B also increases nitric
oxide (NO) levels and causes neuroinflammation, neurodegeneration, and impairment of
axonal conduction [25–27]. Therefore, S100B protein levels are increased in many neurolog-
ical diseases, including MS, Alzheimer’s disease, Parkinson’s disease, schizophrenia, and
epilepsy [25].

Another parameter of brain injury is ubiquitin C-terminal hydrolase-L1 (UCHL1),
which is a proteolytically stable small protein of neuronal origin that participates in re-
pairing injured axons and immunological reactions. Studies showed that the levels of this
protein were increased in serum and CSF in patients after traumatic brain injury and were
linked with the intensity of injury and long-term outcome [28–31]. The enzyme is expressed
at high concentrations in neurons of the brain and spinal cord and plays a significant role
in the normal functioning of the nervous system [32].

As previously noted, all kinds of MS are characterized by neuroinflammation, and
mediators, such as cytokines, play an essential role in the pathophysiology of the dis-
ease [4]. Interleukins (ILs) belong to the cytokine family. They are produced by cells
such as macrophages, eosinophils, vascular endothelial cells, fibroblasts, and keratinocytes.
These chemicals influence inflammatory and immunological processes, as well as cell
development and differentiation [33–35]. Proinflammatory cytokines participate in neu-
roinflammation and contribute to the development of MS, while some anti-inflammatory
mediators, which are secreted in smaller amounts, may have a protective effect. The mech-
anisms of IL signal transduction seem to be evident. However, their action is not entirely
described [36].

The aim of this study was to compare the levels of the above parameters of brain
injury between patients diagnosed de novo with RRMS and a group of healthy controls
without demyelinating changes in the brain. Additionally, we assessed whether there was
a correlation between the levels of NF-H, GFAP, S100B, and UCHL1 and the radiological
activity of the disease. We checked whether there were any significant correlations between
brain injury markers and the selected proinflammatory and anti-inflammatory cytokines.
This study addressed an important topic as it evaluated the usefulness of the four new
markers in the diagnostic process of RRMS, whose symptoms in the early stages of the
disease may only manifest themselves as demyelinating changes in the brain.

2. Materials and Methods

We enrolled 101 patients diagnosed de novo with RRMS and 75 healthy controls.
Among these participants, we mainly observed clinical symptoms such as vision disorders,
vertigo, balance disorders, weakness of limbs, sensory disturbances (paresthesia, numbness,
tingling), and optic neuritis, which were the reasons to start the diagnostic process to
confirm MS. In the group of healthy controls, demyelination was excluded. These patients
mostly complained about headaches and vertigo, which in this case prompted us to perform
an extended diagnostic evaluation. The cerebrospinal fluid (CSF) was collected during the
diagnostic process to confirm or rule out MS. De novo diagnosed RRMS patients underwent
MRI of the brain, cervical, and thoracic spine and were assessed in terms of the number of
T2-weighted lesions and Gd+ lesions. In further analysis of the MRI results, we focused
mainly on gadolinium-enhancing lesions. This allowed us to detail the correlations between
Gd+ lesions and the studied molecules, which are crucial in the development of de novo
MS. The participants met the following enrollment criteria: age >18 years, RRMS diagnosed
de novo according to the 2017 McDonald criteria [37], and no prior disease-modifying
therapy. The exclusion criteria were as follows: no written informed consent, another
neurological condition, or a serious illness that could significantly affect the examination
results. Moreover, patients experiencing disease relapse and steroid therapy were not
included in the study. The study was approved by the Bioethics Committee of the Medical
University of Silesia in Katowice (consent no. KNW/0022/KB1/37/16).

The concentrations of the parameters of brain injury, such as NF-H, GFAP, S100B, and
UCHL1, were determined (Invitrogen 4-Plex Brain Injury, Carlsbad, CA, USA). We also
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assessed the levels of the selected proinflammatory and anti-inflammatory cytokines (IL-1β,
IL-1RA, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12, IL-13, IL-15, IL-17, TNF-α, and
IFN-γ) using the Bio-Plex Pro Human Cytokine 27-plex Assay. The determinations were
performed according to the manufacturer’s instructions. The Bio-Plex method with the
Bio-Plex 200 apparatus (Bio-Rad, Hercules, CA, USA) was applied [38].

Microsoft Excel (Microsoft® Excel® 2019 MSO (wersja 2309 kompilacji 16.0.16827.20166)
64-bitowa) was used to prepare the database for calculations. Statistical analysis was
performed using Statistica Data Miner 14.0. p < 0.05 was considered statistically significant.
We performed many comparisons between the levels of the selected factors in the study
group and the controls. We also assessed the correlations between the related parameters.
The compliance of the variables with a normal distribution was checked using the Shapiro–
Wilk test. The t-test and the Mann–Whitney U test were used to compare the groups.
Spearman’s linear correlation was used to assess the relationship between the individual
variables. The ANOVA test and non-parametric Kruskal–Wallis ANOVA were used to
assess the homogeneity of continuous variables between the groups.

3. Results

Women (72.27%) were predominant among the subjects. The median age at diagnosis
of MS was 38.44 years, the median time from the first symptoms to diagnosis was 63.53
months, and the median number of T2-weighted lesions on brain MRI for the RRMS group
was 16.72 (Table 1).

Table 1. General characteristics of the groups.

Study Group Control

N 101 75
Gender (% of females) 72.27% 85.33%

Age * (years) 38.44 ± 11.78 38.88 ± 11.59
Median number of T2-weighted

lesions on brain MRI 16.72 NA

Time from the first symptoms to the
diagnosis (months) 63.53 NA

* In the study group, age was consistent with the age at diagnosis of MS. NA—Not applicable.

3.1. The Comparison of the Selected Parameters of Brain Injury and the Selected Interleukins in the
CSF in Patients Diagnosed De Novo with RRMS and the Controls

The concentrations of GFAP and NF-H in the CSF were higher in the study group
compared to the control group, while the concentration of UCHL1 was lower in the study
group. The concentration of S100B did not differ between the groups (Table 2) (Figure 1).

Table 2. The comparison of the selected parameters of brain injury in the CSF in patients diagnosed
de novo with RRMS and the controls.

Parameter RRMS Group Control p

N 101 75
GFAP (pg/mL) 2208.91 ± 1137.16 1530.84 ± 992.57 0.001
NF-H (pg/mL) 12.15 ± 17.61 8.89 ± 12.14 0.001
S100B (pg/mL) 13.86 ± 10.72 16.79 ± 12.13 0.097

UCHL1 (pg/mL) 103.08 ± 68.48 272.03 ± 68.39 0.001
NF-H—neurofilament heavy chains, GFAP—glial fibrillary acidic protein, S100B—calcium-binding protein B,
UCHL-1—ubiquitin C-terminal hydrolase L1, RRMS—relapsing-remitting multiple sclerosis.
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Figure 1. The comparison of the selected parameters of brain injury in the CSF in patients diagnosed
de novo with RRMS and the control group.

3.1.1. Correlations of the Selected Interleukins with the Selected Parameters of Brain Injury
in the CSF in Patients Diagnosed De Novo with RRMS

In patients diagnosed de novo with RRMS, the concentration of GFAP correlated
positively with the concentration of IL-8. The level of NF-H in the CSF increased with the
concentrations of TNF-α, IL-7, and IL-10. UCHL1 correlated positively with IL-2 and IL-3.
No correlations were noted for the S100B protein (Table 3).

Table 3. Correlations of the selected interleukins with the selected parameters of brain injury in the
CSF in patients diagnosed de novo with RRMS and the controls.

Study Group Control

Parameter TNF-α IL-2 IL-3 IL-7 IL-8 IL-10 IFN-γ IL-5 IL-6 IL-7 IL-8 IL-9

GFAP
(pg/mL) - - - - R = 0.211

p = 0.042 - - - - - - -

NF-H
(pg/mL)

R = 0.232
p = 0.025 - - R = 0.226

p = 0.029 - R = 0.243
p = 0.019 - - R = 0.383

p = 0.001 - R = 0.310
p = 0.008 -

S100B
(pg/mL) - - - - - - R = 0.269

p = 0.023
R = 0.240
p = 0.043

R =
0.3398

p = 0.004

R = 0.276
p = 0.019

R = 0.341
p = 0.004

R = 0.244
p = 0.040

UCHL1
(pg/mL) - R = 0.252

p = 0.015
R = 0.273
p = 0.008 - - - - - - - - -

NF-H—neurofilament heavy chains, GFAP—glial fibrillary acidic protein, S100B—calcium-binding protein B,
UCHL-1—ubiquitin C-terminal hydrolase L1, RRMS—relapsing-remitting multiple sclerosis.

3.1.2. Correlations of the Selected Interleukins with the Selected Parameters of Brain Injury
in the CSF in the Control Group

In the control group, the concentration of NF-H correlated positively with the concen-
trations of IL-6 and IL-8. The level of S100B in the CSF increased with the concentrations
of IFN-γ, IL-5, IL-6, IL-7, IL-8, and IL-9. No correlations were noted for GFAP or UCHL1
(Table 3).
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3.2. Correlations of the Selected Parameters of Brain Injury with the Selected Interleukins in the
CSF in Patients Diagnosed De Novo with RRMS Depending on MRI Lesions and the Time from
the First Symptoms to Diagnosis

The concentrations of GFAP and NF-H in the CSF were higher in the group with
gadolinium-enhancing (Gd+) lesions on MRI compared to the group with no Gd+ lesions
on MRI (Tables 4 and 5) (Figure 2).

Table 4. Presence of Gd+ lesions and the selected parameters of brain injury in the CSF in patients
diagnosed de novo with RRMS.

Parameter No Gd+ Lesions Gd+ Lesions p

N 69 27
GFAP (pg/mL) 1873.84 ± 1191.32 2328.24 ± 1109.17 0.002
NF-H (pg/mL) 4.87 ± 2.28 15.01 ± 20.05 0.001
S100B (pg/mL) 11.19 ± 10.25 14.84 ± 10.86 0.061

UCHL1 (pg/mL) 128.79 ± 92.66 93.70 ± 55.65 0.633

Table 5. Correlations of the selected parameters of brain injury and the selected interleukins in the
CSF in patients diagnosed de novo with RRMS, depending on the time from the first symptoms to
diagnosis.

Parameter IFN-γ TNF-α IL-1 IL-4 IL-5 IL-9 IL-10

Time from the first
symptoms to

diagnosis

R = 0.361
p = 0.000

R = 0.311
p = 0.003

R = 0.246
p = 0.019

R = 0.236
p = 0.025

R = 0.280
p= 0.007

R = 0.241
p = 0.22

R = 0.250
p = 0.017
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Figure 2. Presence of Gd+ lesions and the selected parameters of brain injury in the CSF in patients
diagnosed de novo with RRMS.
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Time from the first symptoms to diagnosis correlated positively with the concentra-
tions of IFN-γ and TNF-α, IL-1, IL-4, IL-5, IL-9, and IL-10. No correlations were noted for
GFAP, NF-H, S100B, or UCHL1.

4. Discussion
4.1. Heavy Neurofilament (NF-H)

Heavy neurofilament (NF-H) is a promising biomarker of disease activity in RRMS. In
our study, NF-H concentrations in the CSF were significantly higher in patients diagnosed
de novo with RRMS than in healthy controls. Herrera et al. also showed increased NF-H
concentrations in patients with 5 year RRMS evolution. In their study, a correlation between
NF-H levels and disease progression was observed, which suggested its potential reliability
in monitoring the clinical condition of RRMS patients [39]. Shehab et al. obtained similar
results. Additionally, in their study, the pNF-H levels were significantly higher in the
relapsing group than in the remitting group [40]. Another study revealed higher levels of
pNF-H in the CSF of CIS patients that converted to RRMS in 3 years than in CIS patients
who did not develop MS at the same time [41].

We found higher levels of NF-H in patients with Gd+ lesions on MRI. By combining
the MRI findings of Gd+ lesions with the measurements of NF-H, clinicians can obtain
a more comprehensive assessment of RRMS patients. The presence of Gd+ lesions may
indicate the need for more aggressive treatment to control active inflammation and prevent
further neurodegeneration. Elevated levels of NF-H may offer information to healthcare
providers on the extent of neuroaxonal damage. As a result, different therapeutic choices
can be applied with further prognostic evaluation [42].

Our study showed a correlation between NF-H levels and the concentrations of the
selected interleukins. In our study group, a positive correlation was observed between
NF-H levels and TNF-α, IL-7, and IL-10. In their study on the presence of NF-H and
soluble TNF receptor 1 that reflects the biological activity of TNF-α in subacute sclerosing
panencephalitis, Matsushige et al. found a significant correlation between NF-H and
sTNFR1 levels in the CSF of SSPE patients. Further investigation is warranted to explore
the potential relationship between TNF-α and NF-H levels as indicators of axonal damage
and the progression of neurodegenerative diseases [43].

In the control group, the concentration of NF-H correlated positively with the concen-
trations of IL-6 and IL-8. The literature on the relationships between the levels of NF-H
and the above interleukins in RRMS is very limited. The study attempted to determine
selected correlations, but not all correlations in our study would be strong enough. This
indicates that this topic requires further analysis in a larger group of patients. However,
an interesting relationship was reported by Daoud et al. in their study on brain injury
biomarkers as outcome predictors in pediatric severe traumatic brain injury (sTBI). The
study indicated that elevated levels of IL-8 and NF-H correlated with unfavorable outcomes
in sTBI patients, while elevated levels of nerve growth factor (NGF), doublecortin (DCX),
and IL-6 correlated with favorable outcomes [44].

The above studies highlighted the importance of NF-H as a biomarker in many neu-
rological conditions, including RRMS. NF-H has demonstrated promising diagnostic and
prognostic potential and could serve as an indicator of disease progression and treatment
effectiveness. Further research is warranted to fully understand the significance of NF-H in
different neurological disorders and its correlation with interleukins, which may provide
valuable insights for future therapeutic approaches.

4.2. Glial Fibrillary Acidic Protein (GFAP)

Glial fibrillary acid protein (GFAP) is another biomarker of neuroinflammation and a
potential prognostic factor for MS severity. In RRMS patients, it is a promising indicator of
astrogliosis and astroglial damage [23].

Our study found higher levels of GFAP in patients diagnosed de novo with RRMS
than in the control group. GFAP correlated positively with the concentration of IL-8 in
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the study group. Moreover, we found an association between GFAP and Gd+ lesions on
brain MRI.

Azzolini et al. showed that higher levels of GFAP in the CSF of newly diagnosed
patients with RRMS were associated with an increased risk of disease progression. Similar
to our study, Azzolini et al. found a significant correlation between GFAP levels and
IL-8 [17]. IL-8 is a proinflammatory cytokine that is produced by astrocytes and microglia
in response to inflammatory stimuli. Concentrations of IL-8 were higher in untreated
patients with MS [45], and the levels of IL-8 in MS were associated with disease activity
and disability [46,47].

Another study conducted by Kassubek et al. suggested that GFAP was a useful marker
of RRMS. They found elevated levels of GFAP in the CSF of patients with early RRMS.
Furthermore, they also observed a significant correlation between GFAP levels and Gd+
lesions on MRI, which indicated that the increased concentration of the molecule could be a
relevant indicator of acute neuroinflammation [48]. In their meta-analysis, Momtazmanesh
et al. showed that higher levels of GFAP were present in patients with PPMS compared to
RRMS subjects [23]. This allows us to verify whether GFAP might be a good parameter to
distinguish between the phenotypes of the disease in the early stages [49].

Based on our study results and the literature findings, GFAP seems to be a useful
parameter in the early stage of MS by reflecting astrocyte activation and damage caused by
immune-mediated inflammatory processes. Understanding these molecular mechanisms
may help researchers develop better diagnostic tools and potential therapies for RRMS and
other neuroinflammatory disorders.

4.3. S100B

S100B is an acidic homodimer synthesized mainly by astrocytes and a small subset
of oligodendrocytes. It shows concentration-dependent intracellular and extracellular
effects, exerting neurotrophic effects at nanomolar concentrations and neurotoxic effects
at micromolar concentrations [24,25,50]. In the acute phase of MS, protein concentration
increases. During periods of remission, its concentration decreases [50,51].

Our study found no significant changes in CSF S100B protein levels in patients di-
agnosed de novo with RRMS compared to controls. This finding is not in line with the
results of earlier studies that showed increased S100B levels in the CSF of patients with
MS [24,52,53]. These discrepancies in study results can be explained by the selection of
the population. In these studies, the study population was different and included patients
with other clinical phenotypes of MS or those with different stages of the disease in whom
demyelination may have been more advanced. On the other hand, Barateiro et al. found
increased S100B levels at the time of MS diagnosis but considered different phenotypes [54].
Further research on the course and various phenotypes of MS is necessary to explain
the aforementioned inconsistencies and may help determine the role and use of S100B.
In this study, we also evaluated the correlation between the concentration of the S100B
molecule and the selected interleukins to evaluate the presence of specific dependencies
relevant to the development of MS. No correlation was observed between increased S100B
concentrations and interleukin levels in the study group. Different results were obtained
by Santos et al. In their study, increased expression of S100B molecules correlated with the
activity of TNF-α and IL-1β, promoting the formation of an inflammatory phenotype in
neural tissue, which resulted from the involvement of RAGE receptors and stimulation of
the activity of the transcription factor NF-κB [24]. The positive correlation between S100B
levels and pro-inflammatory factors, such as TNF-α, IL-1β, or IL-6, was also reported by
other authors, which proved the proinflammatory effect of elevated S100B levels [55,56].

To contrast the results of the study group and more accurately estimate the correlation
of the S100B factor and interleukins, a similar evaluation was carried out in a control
sample, which showed the existence of a correlation between the study protein and selected
interleukins, as shown in Table 3. To accurately clarify and confirm the role played by the
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S100B protein, further studies, including a larger study group as well as a control group,
are necessary.

Our study showed a positive correlation between interleukins and S100B in the con-
trols. However, it was related to IFN-γ, IL-5, IL-6, IL-7, IL-8, and IL-9. A precise determina-
tion of the mechanism of action of S100B in MS requires further studies.

S100B is a widely accepted marker of neuronal damage. As a result, S100B leakage
into the extracellular fluids is observed, resulting in its increased concentration [51].

We also examined the correlations between S100B levels and Gd+ lesions in the CSF
of patients. We divided subjects into two groups, i.e., those with Gd+ lesions and those
with no Gd+ lesions on MRI. Our study showed no increase in S100B levels in the group
with Gd+ lesions. The evaluation and comparison of the above results is complex, as there
are no other direct studies assessing the correlation between Gd+ lesions and S100B levels.
Furthermore, only a few studies have described changes in S100B concentrations in relation
to changes on MRI in other neurological conditions. In 2019, Gunawan et al. found a
positive correlation between radiological changes and S100B concentration. However, their
study was based on the assessment of children with epilepsy [57].

4.4. Ubiquitin C-Terminal Hydrolase-L1 (UCHL1)

UCHL1 is a deubiquitinating enzyme of neuronal origin whose role in vivo remains
partially unknown. However, its high content in neurons in the brain and spinal cord
suggests that it plays a significant part in the normal activity of the nervous system [32,58].
The proteolytically stable protein seems to be involved in restoring the appropriate function
of damaged axons and neurons [32].

Moreover, it participates in the immune response, which might explain why the
concentration of UCHL1 in patients diagnosed de novo with RRMS in our study correlated
positively with the concentration of IL-2, known as a proinflammatory cytokine, and
correlated positively with the concentration of IL-3, which is considered a multifunctional
regulator of inflammation affecting immune cells and hematopoiesis [32,36,59].

To date, studies on the impact of UCHL1 on the course of MS have been very lim-
ited; hence, further investigation is warranted. Nevertheless, according to Górska et al.,
plasma UCHL1 could be a high-quality biomarker of RRMS. It was found that the plasma
concentration of the enzyme was higher in RRMS patients compared to the control group,
and it showed the highest diagnostic sensitivity (100%) compared to other markers in
distinguishing MS patients from non-MS participants [32].

Our study showed higher concentrations in the control group than in the study group.
The discrepancies between the results of UCHL1 levels in MS patients and the control
group between the present study and the above research may be due to the assessment of
the quantity of the enzyme in different body fluids, diverse research methodologies, and
different characteristics of the cohorts. In this study, patients were diagnosed de novo with
RRMS as opposed to the subjects in the study of Górska et al., which could have influenced
the protein concentration.

4.5. Interleukins

Cytokines are involved in the immune response and may influence the disease course
in MS. These small proteins act as signaling molecules in the immune system, regulating
the immune response and promoting inflammation or anti-inflammatory effects. In MS, the
imbalance between proinflammatory and anti-inflammatory cytokines can influence the
severity and progression of the disease [60]. Our study found a correlation between the time
from the first symptoms to the diagnosis of MS and the levels of IFN-γ, TNF-α, IL-1, IL-4,
IL-5, IL-9, and IL-10. Some cytokines, such as IFN-γ and TNF-α, are proinflammatory and
can contribute to the immune attack on myelin in the CNS. On the other hand, cytokines,
including IL-4, IL-5, IL-9, and IL-10, have a more potent anti-inflammatory role and may
help regulate the immune response and limit tissue damage [36]. As the inflammatory
imbalance is seen in each phenotype of MS, our findings seem to be consistent with this
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statement. The longer the time from the first symptoms to diagnosis, the more intense the
inflammatory process and dysregulation in the cytokine system.

However, our study has potential limitations. The first is the long observation period
and the influence of the long sample storage on biomarker stability. Secondly, there is
limited data on the brain injury markers among the patients with de novo-diagnosed RRMS.
Due to the literature gaps, there is a need for further development in this area.

5. Conclusions

In conclusion, NF-H, GFAP, S100B, and UCHL1 are promising biomarkers that have
been extensively studied for their potential roles in the prognosis and monitoring of
RRMS. Our findings suggest that NF-H and GFAP, in particular, are useful markers of
neuroinflammation in the early stage of RRMS. We found higher levels of these molecules in
the CSF of patients diagnosed de novo with RRMS compared to healthy controls. Moreover,
we showed an association between both parameters and Gd+ lesions on brain MRI. S100B
did not significantly differ in both groups. UCHL1 concentrations were higher in the
control group. Due to the limited data in the literature, further analysis is warranted to
determine the precise role and significance of S100B and UCHL1 in MS.

Although the roles of NF-H, GFAP, S100B, and UCHL1 in RRMS are promising, further
research is needed to fully understand their specific contributions and potential clinical
utility. Standardization of measurement techniques, validation in larger and more diverse
patient populations, and longitudinal studies are essential for their successful translation
into clinical practice. Due to the long observation period in the study, the value of the
assessed molecules in the CSF as diagnostic biomarkers in the de novo diagnosed RRMS
patients may be limited.

However, there is a great need for a validated panel of biomarkers in MS that could
allow the determination of the prognosis and response to treatment so that the most
personalized immunomodulatory therapy could be introduced [61,62]. Integrating these
biomarkers into the diagnostic and prognostic strategies for RRMS could improve early de-
tection, treatment monitoring, and personalized therapeutic interventions, thus enhancing
the management and outcomes for patients with this complex neurological disorder.
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