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Abstract: Brain-derived neurotrophic factor (BDNF) is involved in the survival and maturation of
neurons, and also promotes and controls neurogenesis. Its levels are lowered in many neurodegen-
erative diseases, including Huntington’s disease (HD). Clinical pictures of HD can be very diverse,
which makes it difficult to assess its severity; however, molecular markers may be helpful. The aim
of the study was to determine the relationship between HD severity and the plasma BDNF concen-
tration in HD patients. The study recruited 42 patients with diagnosed and genetically confirmed
HD and 40 healthy volunteers. BDNF levels were determined in plasma with the enzyme-linked
immunosorbent assay (ELISA). Correlations between BDNF levels and clinical profiles and HD
severity were also investigated. The BDNF level was significantly lower in HD patients compared to
the control. There was no correlation between the BDNF level and motor symptoms and cognitive
impairment. In the early disease stages, BDNF levels were associated with a better neurological
examination, independence, and functional evaluation, in contrast to later HD stages, where the
correlations were inverse. Multidirectional correlations between parameters of saccadic disorders
and the BDNF level do not allow for drawing a conclusion, whether or not there is a relationship
between the severity of saccadic disorders and the BDNF concentration.

Keywords: Huntington’s disease; BDNF; disease severity

1. Introduction

Brain-derived neurotrophic factor (BDNF) is responsible for the growth and devel-
opment of nerve cells, and determines the survival of striatal neurons, regulates learning
and memory, and influences mood and behavior [1,2]. It occurs in all structures of the
central nervous system, but its highest concentration was recorded in the hippocampus
and cerebral cortex [3]. BDNF is transported to the striatum, where it modulates both the
communication between nerve cells and glutamate metabolism, and also has a neuropro-
tective effect [4]. BDNF is also found in the peripheral nervous system and other tissues of
the body. Moreover, BDNF levels are approximately one hundred times higher in serum
than in plasma, due to the release of growth factors by platelets [5]. Additional peripheral
sources of brain-derived neurotrophic factor are macrophages, lymphocytes, endothelial
cells, and smooth muscles. It crosses the blood-brain barrier bidirectionally, and, therefore,
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the peripheral concentration of this factor may also depend on its production by neurons
and glial cells [6,7].

Huntington disease (HD) is a progressive neurodegenerative disorder with a world-
wide incidence of 2.71 per 100,000 people [8]. It is caused by a mutation in huntingtin,
which disrupts many cellular processes, including the transcription of the BDNF gene,
transport of the finished protein, and its interaction with the Tr-kB receptor [9]. In addition,
the presence of aggregates of abnormal huntingtin is responsible for further lowering
BDNF levels, while, in healthy people, the correct form of huntingtin stimulates the cortical
production of BDNF [10,11].

A postmortem study of HD patients showed a reduction in BDNF expression in the
caudate and putamen. On the other hand, there was no change in its level in the parietal
cortex, temporal cortex, and hippocampus. The region-dependent loss of BDNF expression
in the brain of HD patients is consistent with the areas most affected by disease [12].
BDNF levels have also been assessed in the blood, and a decrease in its serum levels
has been reported in patients with symptomatic HD [13,14]. There was also a negative
correlation with the severity of motor disorders measured with the Unified Huntington'’s
Disease Rating Scale (UHDRS). Lower BDNF levels coexisted with a greater number of
cytosine-adenine-guanine (CAG) repeats and a faster onset of the symptomatic phase of
the disease [13,14]. In one cohort, plasma BDNF values increased with disease severity, but
these results were not statistically significant. On the other hand, the level of serum BDNF
and BDNF mRNA were similar in the study and control groups. There was no correlation
between the BDNF level and the number of CAG repeats or the UHDRS. In addition, there
were no differences in BDNF levels depending on age or gender, both in HD patients and
healthy people, which was contrary to previous reports [15].

The clinical picture of HD can be very diverse, which makes it difficult to precisely
assess disease severity. Therefore, supplementing currently used assessment and test scales
with molecular markers may be promising. The aim of the study was to determine the
relationship between the severity of HD and BDNF plasma concentration in HD patients.

2. Materials and Methods

A total of 82 people were recruited for the study, including 42 patients (24 women
and 18 men) with diagnosed and genetically confirmed HD and 40 healthy volunteers
(20 women and 20 men) without a family history of HD or other neurodegenerative
diseases. In addition, the exclusion criteria included hypothyroidism or hyperthyroidism,
metabolic diseases, autoimmune diseases, cancer, and acute infectious disease. The patients
were treated at the Department of Neurology of the University Clinical Center of the
Medical University of Silesia in Katowice. Written informed consent was obtained from all
study participants.

2.1. Classification and Neurological Assessments in HD Patients

All HD patients underwent a neurological examination with the motor disorder as-
sessment based on the Unified Huntington’s Disease Rating Scale (UHDRS). The following
parameters were evaluated: pursuit and rapid eye movements, speech disorders, dystonia
and chorea, bradykinesia, and impaired postural reflexes. A total of 0 to 4 points were given
for each domain (0—no deviations from normal state, 4—severe disorder) and maximum
of 124 points could be obtained. Symptomatic HD phase was diagnosed in patients who
scored six or more points.

Based on the total score obtained in the UHDRS motor domain, patients were di-
vided into following groups according to the HD stage: preclinical (0 points), very early
(1-13 points), early (14-37 points), intermediate (38-67 points), and advanced (>67 points).
Independence in social and life functions, evaluated with a scale ranging from 10% (a
patient requiring help from other people in all life activities) to 100% (an independent
patient in domestic and social activities), was also used to determine HD severity.
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UHDRS scale has proven to be useful, both in the analysis of interdependencies
between its individual domains and result repeatability when assessing the same patient
by different investigators [16]. Division of patient groups based on the UHDRS motor scale
has already been used in previous studies [17,18].

2.2. Examination of Cognitive Functions and Mood Disorders in HD Patients

Cognitive functions were assessed using screening tests, such as Mini-Mental State
Examination (MMSE), Montreal Cognitive Assessment (MoCA), and Clock Drawing Test
(CDT), as well as detailed tests, including Symbol Digital Modality Test (SDMT), verbal
fluency (VF), and phonemic fluency (Total Fluency, TF) tests, Trail Making Test (TMT) parts
one and two, and Stroop test (ST) parts one, two, and three. A detailed description of
performed tests is included in our previously published article [19].

2.3. BDNF Protein Level Assessment

Approximately 5 mL of venous blood was collected from all participants into test tubes
containing EDTA (Sarstedt, Ntimbrecht, Germany). Samples were left at room temperature
until the plasma was separated (15 min), and then centrifuged for 10 min at 1000 g. The
obtained plasma was pipetted into Eppendorf tubes and stored at —70 °C. Plasma BDNF
levels were determined with professional ELISA kit (cat. no. SEA011Hu; Cloud-Clone
Corp., Houston, TX, USA), according to the manufacturer’s instructions.

2.4. Statistical Analysis

Statistical analysis was performed using Statistica 13.1 (StatSoft, Krakéw, Poland). The
distribution of the data was determined with Kolmogorov-Smirnov test. Mann-Whitney
U test or Kruskal-Wallis test with post-hoc Dunn analysis were used for two and three
groups, respectively. Correlations were assessed with the Spearman’s test.

3. Results

The characteristics of the study group in which plasma BDNF levels were assessed
are summarized in Table 1.

Table 1. Characteristics of the study group of HD patients in whom plasma BDNF levels were determined.

Variables X+ SD Range
Age 49.95 4+ 12.38 22-70

CAG repeats 44.18 + 4.89 40-63
Motor UHDRS 43.78 +21.31 0-80
Years of education 13.92 £+ 3.65 8-27

X £ SD—mean =+ standard deviation, UHDRS—Unified Huntington Disease Rating Scale, CAG—cytosine-
adenine-guanine.

In the case of the control group, the mean age of healthy volunteers was 45.94 years
(SD: £ 10.5; range: 23-67 years). HD patients were then further classified: 3 as preclinical,
13 to the early disease stage, 21 to the intermediate stage, and 5 to the advanced stage. The
duration of the disease was 5.84 years in the early group, 9.04 years in the intermediate
group, and 11 years in the advanced group.

The BDNF level was not affected by sex, age, disease duration, number of CAG
repeats, or disease severity in HD patients (p > 0.05). Table 2 shows plasma levels of BDNF
in the study group divided into HD stages and the control group.
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Table 2. Plasma levels of BDNF in study group divided into HD stages and control group.

HD BDX—N:E ]S“]e)v el Range
Preclinical 3.18 = 4.49 0-8.33
Early 1.5+ 1.09 0-3.6
Intermediate 1.55+1.43 0-1.43
Advanced 1.44 +£1.01 0-1.01
All HD patients 1.64 +1.62 0-8.33
Control group 3.71 £2.53 0-10.27

X =+ SD—mean =+ standard deviation, HD—Huntington’s disease.

Plasma BDNF levels in HD patients were lower than in the control. Similarly, a
statistically significant difference in the BDNF level was observed in patients from the early
and intermediate stages compared to the control group (p < 0.01). On the other hand, the
BDNF level in the advanced HD stage was insignificant compared to the control (p = 0.08)
and preclinical stage (p = 0.1). No statistically significant differences were found between
plasma levels of BDNF in the preclinical stage compared to the control. The results are
shown in Figures 1 and 2.

The largest number of correlations between the BDNF level and elements of neurolog-
ical examination in HD patients was observed in the advanced group. Single correlations
were shown in the early stage, whereas no significant correlations were found in the
intermediate stage (Table 3).

In early HD, higher plasma levels of BDNF were found in patients with less severe
bradykinesia (p = 0.04, R = —0.49), more severe dystonia of the trunk (p = 0.04, R = 0.51),
and lower limb dystonia (p = 0.02, R = 0.62).

In the advanced disease stage, no correlation was found between the BDNF level and
bradykinesia. However, correlations between a higher BDNF concentration and lower
severity of upper limb dystonia (p < 0.01, R = —0.97) and lower limb dystonia (p < 0.01,
R = —0.97) were revealed. There was also a relationship between high plasma BDNF
levels and a higher intensity of ocular motor disorders, both in horizontal and vertical
pursuits (p = 0.01, R = 0.94), speed of horizontal saccades (p = 0.01, R = 0.94), and severity
of speech disorders (p = 0.04, R = 0.89). The total score on the motor domain of UHDRS in
the advanced group was inversely correlated with the BDNF level (p = 0.04, R = —0.85), i.e.,
its lower concentrations occurred in patients with more severe motor symptomes.

In terms of the neuropsychological assessment with MMSE, clock drawing test, MoCA,
and Beck’s scale, no correlation was found between the BDNF concentration and the results
of these scales at various stages of the disease (Table 4).
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Figure 1. Plasma levels of BDNF in control and patients with HD.
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Figure 2. Plasma levels of BDNF in control group and individual HD stages.

Table 3. Correlations between plasma levels of BDNF and neurological assessment determined using Spearman’s test.

All HD Early Intermediate Advanced
Correlations/HD Stages
R P R p R p R p

BDNF and vertical pursuit n.s. n.s. n.s. n.s. n.s. n.s. 0.94 0.01
BDNF and horizontal pursuit n.s. n.s. n.s. n.s. n.s. n.s. 0.94 0.01
BDNF and speed of horizontal saccades n.s. n.s. n.s. n.s. n.s. n.s. 0.94 0.01
BDNF and dysarthria n.s. n.s. n.s. n.s. n.s. n.s. 0.89 0.04

BDNF and bradykinesia —0.35 0.02 —0.49 0.04 n.s. n.s. n.s. n.s.
BDNF and torso dystonia n.s. n.s. 0.51 0.04 n.s. n.s. n.s. n.s.
BDNF and right upper limb dystonia n.s. n.s. n.s. n.s. n.s. n.s. —-0.97 <0.01
BDNF and left upper limb dystonia n.s. n.s. n.s. n.s. n.s. n.s. —0.97 <0.01
BDNF and left lower limb dystonia n.s. ns. 0.62 0.02 ns. n.s. —0.97 <0.01
BDNF and motor UHDRS n.s. n.s. n.s. n.s. n.s. n.s. —0.85 0.04

R—Spearman’s correlation coefficient, n.s.—not statistically significant.

Table 4. Correlations between plasma levels of BDNF and neuropsychological assessment determined using Spearman’s test.

All HD Early Intermediate Advanced
Correlations/HD Stages
R p R p R p R p

BDNF and the MMSE test n.s n.s n.s. n.s. n.s. n.s. n.s. n.s.
BDNF and MoCA n.s n.s n.s. n.s. n.s. n.s. n.s. n.s.
BDNF and clock drawing test n.s n.s n.s. n.s. n.s. n.s. n.s. n.s.
BDNF and Beck’s scale n.s n.s n.s. n.s. n.s. n.s. n.s. n.s.
BDNF and functional assessment n.s n.s 0.58 0.03 n.s. n.s. n.s. n.s.
BDNF and the independence scale n.s n.s 0.69 <0.01 n.s. n.s. n.s. n.s.

R—Spearman’s correlation coefficient, n.s.—not statistically significant, MMSE—Mini-Mental State Examination, MoCA-Montreal Cogni-
tive Assessment.

The BDNF level correlated with the independence scale (p < 0.01, R = 0.69) and
functional assessment (p = 0.03 R = 0.58); however, only in the early HD stage, where its
higher levels were associated with a better performance of patients.
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The relationships between the BDNF level and the results of detailed neuropsycholog-
ical tests are presented in Table 5.

Table 5. Correlations between plasma levels of BDNF and cognitive functions determined using Spearman’s test.

All HD Early Intermediate Advanced
Correlations/HD Stages
R p R p R p R P
BDNF and VF
Repetitions -0.27 0.04 n.s. n.s. —-0.41 0.04 n.s. n.s.
0-60s
BDNF and TF III n.s n.s n.s n.s n.s n.s —0.86 0.04
Correct words
BDNF and SCNT n.s n.s 0.53 0.04 n.s n.s n.s n.s
Correct answers
BDNF and SWRT n.s n.s n.s n.s n.s n.s —0.87 0.04
Correct answers
BDNF SWRT 0.31 0.04 n.s n.s 0.41 0.04 n.s n.s
Incorrect answers—corrected
BDNF and SIT n.s n.s 0.56 0.04 n.s n.s n.s n.s
Correct answers
BDNF and TMT part 1 n.s n.s n.s n.s —04 0.04 n.s n.s
Incorrect answers
BDNE fmd TMT part2 n.s. n.s. —0.53 0.04 n.s. n.s. n.s. n.s.
Filling time
BDNEF and TMT part 2 n.s. n.s. n.s. n.s. n.s. n.s. —0.94 0.04

Correct answers

R—Spearman’s correlation coefficient, n.s.—not statistically significant, VF—verbal fluency, TF—phonemic fluency, SCNT—Stroop color
naming test, SWR—Stroop word reading, SIT—Stroop interfence test, TMT—trail making test.

It was observed that a higher plasma BDNF level correlated with both a greater number
of correct answers in the Stroop color naming test (p = 0.04, R = 0.53) and in the Stroop
interference test (p = 0.04, R = 0.56), and a shorter trail making test time (p = 0.04 R = —0.53)
in patients in the early disease stage. Similarly, a higher BDNF level corresponded to better
test results in patients in the intermediate group. Patients in the intermediate stage with
higher BDNF levels obtained a greater number of incorrect answers corrected in the Stroop
word reading test (p = 0.04, R = 0.41) and had fewer incorrect selections in the trail making
test (p = 0.04, R = —0.4). In the intermediate stage, a higher BDNF level was found in
patients who had a smaller number of perseverations in the verbal fluency test (p = 0.04,
R =-041).

In the advanced group, a higher BDNF concentration was associated with a lower
number of correct answers in the phonemic fluency test (p = 0.04, R = —0.86) and in the
Stroop word reading test (p = 0.04, R = —0.87), and a smaller number of correct selections
in the trail making test (p = 0.04, R = —0.94).

When analyzing the frequency of the use of drugs affecting the central nervous sys-
tem (CNS), it was noticed that, in the preclinical group, all patients were taking selective
serotonin reuptake inhibitors (SSRIs), such as sertraline and paroxetine, and the tetracyclic
antidepressant, mianserin. In the early group, patients also took SSRIs (sertraline, venlafax-
ine, escitalopram) and neuroleptics (haloperidol, quetiapine, tetrabenazine, risperidone),
and one of the patients used hydroxyzine. In the intermediate group, all patients took
neuroleptics (olanzapine, tetrabenazine, quetiapine, sulpiride, haloperidol, chlorprothix-
ene), eight patients took SSRIs (sertraline, escitalopram, venlafaxine), and one patient used
donepezil. In the group of advanced patients, the highest intake of centrally acting drugs
from various groups was observed, i.e., neuroleptics (haloperidol, tetrabenazine, risperi-
done, promazine), benzodiazepines (clonazepam, lorazepam), mood stabilizers (valproic
acid), escitalopram in one patient, and hydroxyzine in one patient.
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In summary, the plasma concentration of BDNF in HD patients was significantly lower
than in the control group. In the early disease stage, individual tests showed correlations
between higher BDNF levels and less severe bradykinesia, better scores in the Stroop test
and TMT, and a better functional assessment. There was no evidence of the relationship
between the BDNF level and severity of cognitive impairment assessed by MMSE, MoCA,
and CDT. However, in the intermediate and advanced stages of HD, higher BDNF levels
were found in patients with more severe motor and cognitive symptoms.

4. Discussion

Brain-derived neurotrophic factor supports the survival and maturation of neurons in
the nervous system and promotes and controls neurogenesis. Moreover, BDNF also has a
neuroprotective effect. Studies show that its levels are decreased in many neurodegenera-
tive diseases, including Huntington’s disease [20]. Interestingly, there was a study where
the BDNF level increased with HD severity, but observed changes were not statistically
significant [15].

In our study, the mean plasma BDNF level in patients (both in all and depending on
the stage) was lower than in the control group, which was consistent with previous reports.
The highest plasma level of BDNF was recorded in the preclinical group, whereas the
lowest was recorded in the intermediate group. Similar results were obtained in the study
by Ciammola et al., where the serum BDNF level was significantly lower in HD patients
compared to the control. The BDNF level also correlated with the number of CAG repeats
and duration of the disease, which was not reported in our study. There were no differences
in BDNF levels depending on sex, which was consistent with our observations [14].

In the study by Zucatto et al., BDNF levels in both plasma and serum were assessed
in several cohorts of HD patients. In the first cohort, the plasma levels of BDNF were
determined in fasting patients, and blood was centrifuged 4 h after collection. The cytokine
level was statistically significantly higher in the early, intermediate, and advanced HD
groups than in the control. In the second cohort, blood was collected from non-fasting
patients, and was centrifuged 2 h after collection. The mean BDNF level was lower than in
the first cohort. The BDNF level in patients and the control was comparable. There was
a decrease in the plasma BDNF concentration during the transition to the symptomatic
stage of the disease. There was no correlation between the BDFN level and the UHDRS,
disease stage, number of CAG repeats, and antidepressant treatment, and there were no
significant differences in serum BDNF level of HD patients, both in the preclinical and
symptomatic stages, compared to the control. Interestingly, in the repeated examination of
the same samples, discrepancies in the results were obtained. The authors emphasized the
necessity of strict adherence to the study protocol due to the high lability of the determined
factor [13]. In our study, we tried to minimize the influence of factors disturbing the
measurement through a research plan constructed in the methodology.

Our study showed a correlation between a low level of plasma BDNF and greater
severity of bradykinesia, but not dystonia of the trunk and lower limb in the early disease
stage. However, in the advanced stage of the disease, correlations between higher plasma
BDNEF levels and lower severity of upper limb and lower limb dystonia have been reported.
A higher BDNF level was associated with a severity of eye movement disorders, both in the
direction of eye pursuit and speed of horizontal saccades, as well as a severity of speech
disorders. The total score on the motor UHDRS in the advanced group showed that lower
BDNF concentrations occurred in patients with more severe motor symptoms. Analyzing
our results, it can be assumed that, in the advanced HD stage, an increased level of BDNF
is associated with the intensification of oculomotor and dysarthria disorders, but not with
dystonic disorders, which are characteristic of the late stages of the disease. A positive
correlation between the increase in the BDNF level and features of dystonia was evident
in the early HD stage. In the advanced stage, the correlation turned negative, i.e., a lower
BDNF concentration was more often associated with dystonic disorders. Perhaps BDNF
has a protective effect on the development of neurological symptoms in the early stage
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(patients with higher BDNF levels showed less slowness of movement), and, in the late
stage, a higher BDNF correlated with lower dystonia severity. However, in the late stage
of HD, it is no longer possible to compensate for oculomotor and dysarthria disorders, or,
paradoxically, the mechanism that reduces the severity of dystonia indirectly negatively
affects eye movement and speech disorders. The plasma levels of BDNF between the
early and advanced stages were not statistically significantly different, and, therefore, its
unchanged amount most likely determines the different effect on the clinical picture.

In Huntington’s disease, the striatum is selectively damaged. This mainly concerns the
early and intermediate stages of the disease, whereas global cerebral atrophy is reported
in patients in advanced stages. BDNF is a regulator of the nerve cell survival/apoptosis
cycle. One of the modulators of BDNF activity in the CNS is huntingtin. In the case of its
mutant form, BDNF expression is reduced. In a study by Canals et al., it was shown that
an increased number of CAG repeats and a high level of expression of mutant huntingtin
in cell cultures correlate with a decrease in BDNF levels [21]. Aggregates of the mutant
form of huntingtin are responsible for this decline. In the same study, the authors, using
animal models, showed that the reduction in the endogenous BDNF level coexists with the
earlier onset of motor symptoms and their severity. The decreased level of BDNF mRNA
measured in the cerebral cortex correlated with the severity of striatal atrophy, but was not
associated with the disappearance of neurons of the cerebral cortex itself. This cytokine is
transported to the striatum from the cerebral cortex, and, thus, its decreased expression
may prevent it from being adequately abundant in striatum [21]. This result is consistent
with previous reports on both animal models and human studies by Zuccato et al. [9]. In
addition, this thesis is supported by the study by Xie et al. [22] and Giralt et al. [23], in
which, in animal models of HD, it was shown that increasing cortical BDNF levels was
associated with less atrophy of striatal neurons, lower severity of motor disorders, and
better cognitive processes. Therefore, BDNF seems to be a worthy marker that indirectly
assesses the severity of neurodegeneration in HD. This is particularly important because
the current reports, e.g., study by Pillai et al., have shown that the degree of severity of
neurodegeneration found in autopsy examinations does not correlate with the results of
cognitive tests, also included in the UHDRS assessment. The study showed that, in the
group of patients who underwent MMSE tests before death, the results of the tests assessing
cognitive abilities were similar between the groups of advanced and intermediate changes
found in the autopsy [24].

When assessing detailed cognitive functions, it was noticed that, in the early stages of
the disease, high BDNF levels were associated with better test results. Interestingly, in the
advanced group, no correlation between higher BDNF concentrations and better results of
detailed cognitive tests was observed. This may further indicate a potentially protective
effect of BDNF on the performance of patients and their cognitive functions in the early
disease stages, which is exhausted in the advanced stage.

Gutierrez et al. reported that BDNF is gaining more and more attention as a potential
HD marker, but conflicting results make it difficult to judge its usefulness [25]. In turn,
Grah et al., showed a significant decrease in serum BDNF levels in HD patients with
suicide attempts, suggesting that this cytokine could be a prognostic marker for suicidal
behavior [26]. Results obtained in many laboratories show that the BDNF level decreases
during the ongoing neurodegenerative disease. In addition to assessing its usefulness as
a biomarker, its therapeutic potential is also studied. Zimmermann et al. transplanted
embryonic stem cell-derived neural progenitors overexpressing BDNF into a HD mouse
model, which promoted regeneration and recovery [27]. Zuccato et al. showed that, during
disease, the supply of cortical BDNF to the striatum is strongly reduced, which may lead
to striatal sensitization [10]. The delivery of BDNF may therefore be a useful treatment
strategy for Huntington’s disease.

The assessment of the BDNF level is burdened with an error related to the influence
of drugs and treatments. Antidepressants and, though rarely used in HD, memantine,
riluzole, or cystamine, have a modulating effect on the BDNF level. The use of the selective
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serotonin reuptake inhibitor to increase the central production of BDNF is debatable due to
the inconclusive results of studies conducted so far. From the group of antidepressants,
parokesitin, fluoxetine, and lithium salts have been mentioned as potentially increasing
BDNF levels [28].

The analysis of used drugs reflects the natural course of Huntington’s disease, in
which, depressive mood disorders dominate in the initial stages of the disease, including
the pre-motor phase. Psychotic disorders requiring the administration of neuroleptic drugs
are more frequently observed in symptomatic patients. Patients in advanced stages of HD
often require psychiatric therapy, hence the intake of valproic acid (in doses corresponding
to the mood-stabilizing effect) and sedative drugs from the benzodiazepine group that are
used mainly at night.

Our study did not exclude patients taking symptomatic drugs in HD, whose with-
drawal was impossible, which could have influenced the obtained results. It is therefore
important to consider potential drug—protein interactions when drawing conclusions.
Moreover, the main limitation of our study was the relatively small study group. Despite
the aforementioned limitations, BDNF seems to be a potential diagnostic marker, but has
limited promise as a progression marker, which is in line with previous reports.

5. Conclusions

Significantly lower levels of plasma BDNF were recorded in HD patients compared to
the control, which is consistent with previous reports. Taking into account disease severity,
a significant reduction in the BDNF value was noted in the early and intermediate stages.
There was no correlation between the BDNF level and motor symptoms and cognitive
impairment. Higher levels of BDNF in the early stages of the disease were associated with
a better neurological examination, independence, functional evaluation, and an individual
cognitive function assessment. In contrast, in the later stages of HD, the correlations were
inverse. Multidirectional correlations between parameters of saccadic disorders and the
BDNF level do not allow for drawing a conclusion, whether or not there is a relationship
between the severity of saccadic disorders and the BDNF concentration.

Author Contributions: Conceptualization, K.P. (Klaudia Plinta) and M.R.-B.; data curation, A.P,
N.Z. and M.R,; formal analysis, M.W.-P.,, K.P. (Krzysztof Pawlicki) and A K.-K,; investigation, K.P.
(Klaudia Plinta), M.W.-P.,, A K.-K.,, M.D.-S. and K.P. (Krzysztof Pawlicki); project administration,
K.P. (Klaudia Plinta) and M.R.-B.; resources, M.W.-P. and M.R.; supervision, M.D.-S. and M.R.-B.;
visualization, K.P. (Krzysztof Pawlicki) and N.Z.; writing—original draft, K.P. (Klaudia Plinta) and
N.Z.; writing—review and editing, A.P. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Ethics Committee of The Medical University of Silesia;
protocol code KNW /0022/KB1/17/1/16; date of approval: 5 July 2016.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: Data are contained within the article.

Conflicts of Interest: The authors declare no conflict of interest.

1.  Gomez-Palacio-Schjetnan, A.; Escobar, M.L. Neurotrophins and Synaptic Plasticity. Curr. Top. Behav. Neurosci. 2013, 15, 117-136.

[CrossRef]

2. Egan, M.E; Kojima, M.; Callicott, ].; Goldberg, T.E.; Kolachana, B.S.; Bertolino, A.; Zaitsev, E.; Gold, B.; Goldman, D.; Dean, M.;
et al. The BDNF val66met Polymorphism Affects Activity-Dependent Secretion of BDNF and Human Memory and Hippocampal
Function. Cell 2003, 112, 257-269. [CrossRef]

3. Miranda, M.; Morici, ].E; Zanoni, M.B.; Bekinschtein, P. Brain-Derived Neurotrophic Factor: A Key Molecule for Memory in the
Healthy and the Pathological Brain. Front. Cell. Neurosci. 2019, 13, 363. [CrossRef] [PubMed]


http://doi.org/10.1007/7854_2012_231
http://doi.org/10.1016/S0092-8674(03)00035-7
http://doi.org/10.3389/fncel.2019.00363
http://www.ncbi.nlm.nih.gov/pubmed/31440144

J. Clin. Med. 2021, 10, 5181 10 of 10

10.

11.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Saba, ].; Couselo, EL.; Turati, J.; Carniglia, L.; Durand, D.; De Laurentiis, A.; Lasaga, M.; Caruso, C. Astrocytes from cortex and
striatum show differential responses to mitochondrial toxin and BDNF: Implications for protection of striatal neurons expressing
mutant huntingtin. J. Neuroinflamm. 2020, 17, 290. [CrossRef]

Fuyjimura, H.; Chen, R.; Nakamura, T.; Nakahashi, T.; Kambayashi, J.-I.; Sun, B.; Altar, C.A.; Tandon, N.N. Brain-derived
Neurotrophic Factor Is Stored in Human Platelets and Released by Agonist Stimulation. Thromb. Haemost. 2002, 87, 728-734.
[CrossRef] [PubMed]

Lommatzsch, M.; Braun, A.; Mannsfeldt, A.; Botchkarev, V.; Botchkareva, N.V.; Paus, R.; Fischer, A.; Lewin, G.R.; Renz,
H. Abundant Production of Brain-Derived Neurotrophic Factor by Adult Visceral Epithelia: Implications for Paracrine and
Target-Derived Neurotrophic Functions. Am. J. Pathol. 1999, 155, 1183-1193. [CrossRef]

Pan, W.; Banks, A.W.; Fasold, M.B.; Bluth, J.; Kastin, A.]. Transport of brain-derived neurotrophic factor across the blood-brain
barrier. Neuropharmacology 1998, 37, 1553-1561. [CrossRef]

Pringsheim, T.; Wiltshire, K.; Day, L.; Dykeman, J.; Steeves, T.; Jette, N. The incidence and prevalence of Huntington’s disease: A
systematic review and meta-analysis. Mov. Disord. 2012, 27, 1083-1091. [CrossRef]

Zuccato, C.; Marullo, M.; Conforti, P.; MacDonald, E.M.; Tartari, M.; Cattaneo, E. Research Article: Systematic Assessment of
BDNF and Its Receptor Levels in Human Cortices Affected by Huntington’s Disease. Brain Pathol. 2007, 18, 225-238. [CrossRef]
Zuccato, C.; Ciammola, A.; Rigamonti, D.; Leavitt, B.R.; Goffredo, D.; Conti, L.; MacDonald, M.E,; Friedlander, R.M; Silani, V.;
Hayden, M.R;; et al. Loss of Huntingtin-Mediated BDNF Gene Transcription in Huntington’s Disease. Science 2001, 293, 493-498.
[CrossRef]

Gauthier, L.R.; Charrin, B.C.; Borrell, M.; Dompierre, ].P.; Rangone, H.; Cordelieres, E; De Mey, J.; E MacDonald, M.; Lefimann, V.;
Humbert, S.; et al. Huntingtin Controls Neurotrophic Support and Survival of Neurons by Enhancing BDNF Vesicular Transport
along Microtubules. Cell 2004, 118, 127-138. [CrossRef] [PubMed]

Ferrer, I; Goutan, E.; Marin, C.; Rey, M,; Ribalta, T. Brain-derived neurotrophic factor in Huntington disease. Brain Res. 2000, 866,
257-261. [CrossRef]

Zuccato, C.; Marullo, M.; Vitali, B.; Tarditi, A.; Mariotti, C.; Valenza, M.; Lahiri, N.; Wild, E.]J.; Sassone, J.; Ciammola, A.; et al.
Brain-Derived Neurotrophic Factor in Patients with Huntington’s Disease. PLoS ONE 2011, 6, €22966. [CrossRef] [PubMed]
Ciammola, A.; Sassone, J.; Cannella, M.; Calza, S.; Poletti, B.; Frati, L.; Squitieri, F.; Silani, V. Low brain-derived neurotrophic
factor (BDNF) levels in serum of Huntington’s disease patients. Am. |. Med. Genet. Part B Neuropsychiatr. Genet. 2007, 144B,
574-577. [CrossRef]

Zuccato, C.; Cattaneo, E. Brain-derived neurotrophic factor in neurodegenerative diseases. Nat. Rev. Neurol. 2009, 5, 311-322.
[CrossRef]

Unified Huntington’s disease rating scale: Reliability and consistency. Mov. Disord. 1996, 11, 136-142. [CrossRef]

De Tommaso, M.; Nuzzi, A.; Dellomonaco, A.R.; Sciruicchio, V.; Serpino, C.; Cormio, C.; Franco, G.; Megna, M. Dysphagia in
Huntington’s Disease: Correlation with Clinical Features. Eur. Neurol. 2015, 74, 49-53. [CrossRef]

Kingma, E.M.; van Duijn, E.; Timman, R.; van der Mast, R.C.; Roos, R.A. Behavioural problems in Huntington’s disease using the
Problem Behaviours Assessment. Gen. Hosp. Psychiatry 2008, 30, 155-161. [CrossRef]

Plinta, K.; Plewka, A.; Wéjcik-Pedziwiatr, M.; Zmarzty, N.; Rudzinski, M.; Rudzifiska-Bar, M. Is TGF-31 a Biomarker of
Huntington’s Disease Progression? J. Clin. Med. 2021, 10, 3001. [CrossRef]

Bathina, S.; Das, U.N. Brain-derived neurotrophic factor and its clinical implications. Arch. Med Sci. 2015, 6, 1164-1178. [CrossRef]
Canals, ].M.; Pineda, J.R.; Torres-Peraza, J.F.; Bosch, M.; Martin-Ibafiez, R.; Mufoz, M.T.; Mengod, G.; Ernfors, P.; Alberch, J.
Brain-Derived Neurotrophic Factor Regulates the Onset and Severity of Motor Dysfunction Associated with Enkephalinergic
Neuronal Degeneration in Huntington’s Disease. |. Neurosci. 2004, 24, 7727-7739. [CrossRef]

Xie, Y.; Hayden, M.; Xu, B. BDNF Overexpression in the Forebrain Rescues Huntington’s Disease Phenotypes in YAC128 Mice. J.
Neurosci. 2010, 30, 14708-14718. [CrossRef]

Giralt, A.; Carretén, O.; Lao-Peregrin, C.; Martin, E.D.; Alberch, ]J. Conditional BDNF release under pathological conditions
improves Huntington’s disease pathology by delaying neuronal dysfunction. Mol. Neurodegener. 2011, 6, 71. [CrossRef] [PubMed]
Pillai, J.A.; Hansen, L.A.; Masliah, E.; Goldstein, J.L.; Edland, S.D.; Corey-Bloom, J. Clinical severity of Huntington’s disease does
not always correlate with neuropathologic stage. Mov. Disord. 2012, 27, 1099-1103. [CrossRef] [PubMed]

Gutierrez, A.; Corey-Bloom, J.; Thomas, E.A.; Desplats, P. Evaluation of Biochemical and Epigenetic Measures of Peripheral
Brain-Derived Neurotrophic Factor (BDNF) as a Biomarker in Huntington’s Disease Patients. Front. Mol. Neurosci. 2020, 12, 335.
[CrossRef]

Grah, M.; Mihanovic, M.; Ruljancic, N.; Restek-Petrovic, B.; Molnar, S.; Jelavic, S. Brain-derived neurotrophic factor as a suicide
factor in mental disorders. Acta Neuropsychiatr. 2013, 26, 356-363. [CrossRef] [PubMed]

Zimmermann, T.; Remmers, F.; Lutz, B.; Leschik, J. ESC-Derived BDNF-Overexpressing Neural Progenitors Differentially Promote
Recovery in Huntington’s Disease Models by Enhanced Striatal Differentiation. Stem Cell Rep. 2016, 7, 693-706. [CrossRef]
Zuccato, C.; Cattaneo, E. Role of brain-derived neurotrophic factor in Huntington’s disease. Prog. Neurobiol. 2007, 81, 294-330.
[CrossRef]


http://doi.org/10.1186/s12974-020-01965-4
http://doi.org/10.1055/s-0037-1613072
http://www.ncbi.nlm.nih.gov/pubmed/12008958
http://doi.org/10.1016/S0002-9440(10)65221-2
http://doi.org/10.1016/S0028-3908(98)00141-5
http://doi.org/10.1002/mds.25075
http://doi.org/10.1111/j.1750-3639.2007.00111.x
http://doi.org/10.1126/science.1059581
http://doi.org/10.1016/j.cell.2004.06.018
http://www.ncbi.nlm.nih.gov/pubmed/15242649
http://doi.org/10.1016/S0006-8993(00)02237-X
http://doi.org/10.1371/journal.pone.0022966
http://www.ncbi.nlm.nih.gov/pubmed/21857974
http://doi.org/10.1002/ajmg.b.30501
http://doi.org/10.1038/nrneurol.2009.54
http://doi.org/10.1002/mds.870110204
http://doi.org/10.1159/000435833
http://doi.org/10.1016/j.genhosppsych.2007.11.005
http://doi.org/10.3390/jcm10133001
http://doi.org/10.5114/aoms.2015.56342
http://doi.org/10.1523/JNEUROSCI.1197-04.2004
http://doi.org/10.1523/JNEUROSCI.1637-10.2010
http://doi.org/10.1186/1750-1326-6-71
http://www.ncbi.nlm.nih.gov/pubmed/21985529
http://doi.org/10.1002/mds.25026
http://www.ncbi.nlm.nih.gov/pubmed/22674458
http://doi.org/10.3389/fnmol.2019.00335
http://doi.org/10.1017/neu.2014.27
http://www.ncbi.nlm.nih.gov/pubmed/25308403
http://doi.org/10.1016/j.stemcr.2016.08.018
http://doi.org/10.1016/j.pneurobio.2007.01.003

	Introduction 
	Materials and Methods 
	Classification and Neurological Assessments in HD Patients 
	Examination of Cognitive Functions and Mood Disorders in HD Patients 
	BDNF Protein Level Assessment 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

