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Abstract: Alzheimer’s disease (AD) is an incurable neurodegenerative disease. It is the most common
form of dementia among the elderly population. So far, no effective methods of its treatment have
been found. Research to better understand the mechanism of pathology may provide new methods
for early diagnosis. This, in turn, could enable early intervention that could slow or halt disease
progression and improve patients’ quality of life. Therefore, minimally invasive markers, including
serum-based markers, are being sought to improve the diagnosis of AD. One of the important markers
may be the concentration of UCHL1 and the proteasome in the blood serum. Their concentration
can be affected by many factors, including eating habits. This study was conducted in 110 patients
with early or moderate AD, with a mean age of 78.0 ± 8.1 years. The patients were under the care
of the Podlasie Center of Psychogeriatrics and the Department of Neurology (Medical University
of Białystok, Poland). The control group consisted of 60 healthy volunteers, matched for gender
and age. The concentration of UCHL1 and the 20S proteasome subunit were measured by surface
plasmon resonance imaging (SPRI). In addition, a nutritional interview was conducted with patients
with AD, which assessed the frequency of consumption of 36 groups of products. In the group of
patients with AD, compared to the control group, we showed a significantly higher concentration
of UCHL1 (56.05 vs. 7.98 ng/mL) and the proteasome (13.02 vs. 5.72 µg/mL). Moreover, we found
a low negative correlation between UCHL1 and the proteasome in the control group, and positive
in the AD group. The analysis of eating habits showed that the consumption of selected groups of
products may affect the concentration of the tested components, and therefore may have a protective
effect on AD.

Keywords: Alzheimer’s disease; UCHL1; proteasome; nutrition; antioxidants elements; drug therapy

1. Introduction

Alzheimer’s disease (AD) is a progressive, incurable neurodegenerative disease that is
the most common form of dementia in the elderly. The causes of this disease are still not
fully understood, and there are no effective methods of its treatment. The main pathogenesis
of AD is the amyloid theory, according to which the main phenomenon is the deposition
of Aβ42 peptide (42 amino acid amyloid protein) in the brain, which causes the death of
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neurons and the development of clinical symptoms of dementia. Secondary to amyloidosis
are increased levels of oxidative stress, chronic inflammatory response, disturbances in
mineral components metabolism homeostasis, formation of pathological ion channels,
or changes in the transmission of neurotransmitters [1]. The second disease the process
behind the development of AD, in addition to beta-amyloid (β-amyloid) deposition, is the
formation of the so-called neurofibrillary ganglia, which contain double-helical filaments
composed of the abnormally phosphorylated tau protein. In the process of abnormal
transformations involving β- and γ-secretases, it is fragmented into insoluble forms of
β-amyloid, which is deposited inside and then extracellularly in the form of senile plaques.
β-amyloid is also deposited in the walls of small cerebral vessels in the cortical layer,
and this process may lead to the formation of microbleeding foci located in the cortical
structures. The number and distribution of senile plaques and neurons with signs of
neurofibrillary degeneration are the basis for the neuropathological classification of AD
diagnosis. The above pathological processes result in a decrease in the level of messenger
substances, of which the reduction of acetylcholine content is the most important for the
memory system [2].

Among the pathomechanisms involved in the process of neuronal death, there are also
disorders in mitochondrial function, an abnormal reaction to oxidative stress, activation of
cytokines and other pro-inflammatory factors, disorders in the systems of neurotrophins
and their receptors [3,4].

So far, no effective treatment for AD has been developed. Only symptomatic treatment
is used, which includes drugs affecting cognitive functions, including acetylcholinesterase
inhibitors (donepezil and rivastigmine registered in Poland) and memantine, which is an
antagonist of the NMDA receptor (N-methyl-D-aspartic acid), as well as antidepressant,
antipsychotics, and anti-anxiety drugs. The causal treatment of AD is still in clinical trials.
It should be used in the period when the loss of neurons in strategic areas for the disease
does not exceed 50%. That is why it is so important to identify patients in the initial period
of the disease in order to inhibit the neurodegenerative process and the full symptoms of
the disease. Targeted treatments are available to prevent the toxic effects of two key proteins
in AD: β-amyloid and tau. These are either anti-toxic Aβ antibodies or β-secretase and
γ-secretase inhibitors, which are pathological enzymes involved in the amyloid cascade [5].

Enzymes such as E1, E2, and E3, deubiquitinating enzymes (DUBs) involved in UPS
regulate disease-causing proteins by controlling the degree of ubiquitination. An inter-
esting issue is the development of therapies that target enzymes in degenerative diseases
such as AD [6–8]. Studies have shown that the ubiquitin-proteasome system (UPS), the
major intracellular system for protein quality control in eukaryotic cells, is associated
with the pathogenesis of AD. Growing evidence points to a close relationship between
β-amyloid and UPS. Impairment of the UPS system in AD can degrade β-amyloid and
lead to abnormal accumulation. At the same time, β-amyloid inhibits proteasome activity
and disrupts the multi-vesicular body (MVB) sorting pathway, creating an interaction
between β-amyloid and UPS. Mutant ubiquitin (Ub) and ubiquitin-1 like ubiquitin (UBL)
are associated with β-amyloid accumulation. Meanwhile, E2 coupling enzymes, E3 ligases,
and deubiquitinating enzymes play a key role in the proteasomal degradation of β-amyloid.
The ubiquitin-proteasome system has a profound effect on the amyloidogenic pathway of
processing the amyloid precursor protein (APP) that generates β-amyloid. Upregulation of
proteasomal degradation of BACE1 and gamma-secretase components leads to reduced
accumulation of β-amyloid. An in-depth look at the mechanism underlying the interaction
between β-amyloid and UPS could provide alternative therapeutic targets and lead to the
development of new drugs and therapies [9].

Ubiquitin carboxy-terminal hydrolase L1 (UCHL1) is a deubiquitinating enzyme
(223 amino acid protein encoded by 9 exons) [10]. This enzyme is found in all nerve cells in
the brain (accounts for 1–2% of total brain protein) as well as ovary and testis [11,12]. AD
and Parkinson’s disease are related to dysregulation of UCHL1 [13,14]. Loss of the amount
of UCHL1 is occurred in amyotrophic lateral sclerosis and AD patients [14,15]. A decrease
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in the amount of UCHL1 increases the tendency of pancreatic beta-cells to programmed cell
death. This protein protective function in neuroendocrine cells and explain the connection
between diabetes and neurodegenerative diseases [16]. UCHL1 products hydrolyze small
C-terminal adducts of ubiquitin to produce the ubiquitin monomer. This enzyme has both
hydrolase and ligase activities [17]. Hydrolase activity deletes and converts ubiquitin
molecules from degraded proteins. Moreover, it is also associated with proteasomal
activity [18]. Ligase activity combines ubiquitin molecules for use in tagging proteins
to delete [12]. Inactivation of the deubiquitinating enzyme inhibits ubiquitin-mediated
proteolysis when the free ubiquitin will be spent or and saturation of the proteasome with
polyubiquitin chains. Moreover, deubiquitination also plays a specific regulatory role.
UCHL1 is relevant for maintaining free ubiquitin pool and for the proper function of the
ubiquitin-proteasome system since inhibition of UCHL1 causes a 50% reduction of free
ubiquitin in vitro [17]. In AD, the process of ubiquitination is crucial due to the fact that
neurofibrillary tangles are positive for immunostaining to ubiquitin [19,20].

The proteasome is a protein complex that plays the essential role of deleting damaged
or unnecessary proteins by proteolysis (chemical reaction is the breakdown of proteins
into smaller polypeptides or amino acids). It is believed that the proteasome is the main
component in the protein degradation pathway [21]. Proteasomes are found in the plasma
of patients suffering from autoimmune and inflammatory diseases [22–24]. Interestingly in
inflammatory conditions, the concentration of proteasomes in the blood correlates with the
activity of the disease [25]. It has been observed that proteasome inhibition is a mediator of
increased concentrations of aggregated protein, oxidized protein, and neuronal death in
the brains of AD patients [26]. Studies show that proteasome activity is decreased in the
brains of these patients [19,27–30].

The objective of the study was to estimate the concentration of UCHL1 and proteasome
in patients with AD in terms of their clinical condition, dietary habits, smoking cigarettes,
and selected indicators of oxidative stress.

2. Materials and Methods
2.1. Patients Characteristic

The study was conducted among 110 patients aged 54 to 93, under the care of the
Podlasie Psychogeriatry Center in Białystok and the Department of Neurology, Medical
University of Białystok, Poland. Patients had early or moderate AD diagnosed by geriatri-
cian, according to the criteria of the National Institute on Aging-Alzheimer’s Association
workgroups [31].

The control group consisted of 60 healthy people aged 52 to 83, without any cognitive
impairment, most of whom were still working. The exclusion criteria were as follows: co-
morbidities such as type 1 and type 2 diabetes, autoimmune diseases, and cancer. The clock
drawing test and mini-mental state exam (MMSE) scale were used to assess the severity of
the disease. It included tests of memory, language, orientation, attention, and visual-spatial
skills on a scale of 0 to 30 points. Table 1 presents the characteristics of the studied group.

Table 1. Characteristic of study groups.

Parameters AD Group
(n = 110)

Control Group
(n = 60)

Gender
F/M 80/30 46/14

Age (years)
Av. ± SD 78.0 ± 8.1 67.0 ± 7.9
Min.–Max 54–93 52–83
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Table 1. Cont.

Parameters AD Group
(n = 110)

Control Group
(n = 60)

BMI (kg/m2)
Av. ± SD 26.5 ± 4.2 nd
Min.–Max 17.8–40.2 nd

Habits
Smoking cigarettes # 13/97 nd
Alcohol drinking ## 5/105 nd

MMSE (points)
Av. ± SD 20.4 ± 4.3 nd
Min.–Max 11–26 nd

AD, Alzheimer’s disease; BMI, body mass index; F, female; M, male; MMSE, mini-mental state examination;
n, number of subjects; nd, no data; SD, standard deviation, # 5–10 cigarettes/daily, ## more than once a week.

The protocol of the study was approved by the Local Ethical Committee (R-I-002/210/2018).
All participants gave their written consent to participate in this study.

2.2. Eating Habits

Food frequency questionnaires (FFQ) developed by the Committee of Human Nu-
trition Sciences of the Polish Academy of Sciences were used to collect data. In order to
assess their eating habits, patients with AD or their caregivers completed a questionnaire
concerning the frequency of consumption of 36 food groups. The product groups and the
criteria for assessing the frequency of consumption were described in detail in the previous
publication [32].

2.3. Collection of Blood

Blood (approximately 6 mL) was collected from each participant in the study using a
vacutainer tube containing a clot activator (Becton Dickinson, Rungis, France). The samples
were then centrifuged (10 min, at approximately 1000× g). Serum samples were taken and
stored frozen (at −20 ◦C).

2.4. Determination of UCHL1 and 20S Proteasome Concentration

The UCHL1 and proteasome concentrations were assessed using Surface Plasmon
Resonance Imaging (SPRI).

The ubiquitin carboxy-terminal hydrolase L1 (human recombinant UCH-L1, R&D
System. Inc., Minneapolis, MN, USA) concentration was measured by the SPRI biosensor.
All of the necessary steps in the preparation and optimization of the biosensor have been
described in publication Matuszczak et al. and Sankiewicz et al. [17,33]. Gold chips were
manufactured as described in other papers [34,35]. The gold surface of the chip was covered
with photopolymer and hydrophobic paint. Chips were rinsed with ethanol and water
and dried under a stream of nitrogen. They were then immersed in 20 mM of cysteamine
ethanolic solutions for at least 2 h and after rinsing with ethanol and water dried again
under a stream of nitrogen. The rabbit monoclonal IgG2A antibody specific for human
UCHL (R and D System. Inc.) was immobilized on the thiol monolayer under suitable
conditions. The antibody solution in a PBS buffer was activated with NHS (250 mM)
and EDC (250 mM). Activation of the antibody was carried out by adding the mixture of
NHS and EDC (1:1) in a carbonate buffer solution (pH 8.5) into the antibody solution and
with vigorous stirring for 5 min at room temperature. 3 µL of this solution was placed
on the active places with the amine-modified surface, and incubated at 37 ◦C for 1 h.
After this time the biosensor was rinsed with water. Next, serum samples (10× diluted)
were placed directly on the prepared biosensor. The volume of the sample applied on
each measuring field was 3 µL. The time of the interaction with the antibody was a max
of 10 min. The biosensor was washed with water and HBS-ES buffer solution pH = 7.4
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(0.01 M 4-(2-hydroxyethyl) piperazine-1-ethane sulfonic acid, 0.15 M sodium chloride,
0.005% Tween 20, 3 mM EDTA), BIOMED, Lublin, Poland) to remove unbound molecules
from the surface. UCHL1 concentration in the samples (after appropriate dilution) was
read from the calibration curve prepared in the range of 0.1–2.0 ng/mL.

The 20S proteasome concentration was determined using the biosensor for the 20S
proteasome. PSI inhibitor was used as a receptor [36].

PSI inhibitor (Z-Ile-Glu(OBut)-Ala-Leu-H)) at a concentration of 80 nM was activated
with NHS (50 mM) and EDC (200 mM) in a carbonate buffer (pH = 8.5) environment and
then placed on the thiol (cysteamine)-modified surface and incubated at 37 ◦C for 1 h [33].
After receptor immobilization, the biosensor was rinsed with water. Next, blood plasma
samples (10× diluted) were placed directly on the prepared biosensor. The volume of the
sample applied on each measuring field was 3 µL. The time of the interaction with the
receptor was max maxing 10 min. The biosensor was washed with water and HBS-ES buffer
solution pH = 7.4 (0.01 M 4-(2-hydroxyethyl) piperazine-1-ethane sulfonic acid, 0.15 M
sodium chloride, 0.005% Tween 20, 3 mM EDTA), BIOMED, Lublin, Poland) to remove
unbound molecules from the surface. 20S proteasome concentration was evaluated from
the calibration curve of 20S proteasome prepared in the range 1.4–7.0 µg/mL.

SPRI measurements for the determination of UCHL1 and 20S proteasome concentra-
tion were performed as described in the previous papers and schematic diagram apparatus
is given in the paper [37]. As controls of the level of nonspecific binding, some of the places
on the biosensor covered with buffer were used. The SPRI signal was measured at a fixed
SPR angle on the basis of registered images. The first image after immobilization of the
antibody or inhibitor was taken. Then, the second image after interaction with UCH-L1 or
20S proteasome was taken. The SPRI signal was obtained by subtraction of the signal after
and before interaction with a biomolecule, for each spot separately. The contrast values
obtained for all pixels across a particular sample single spot were integrated. Then, the SPRI
signal was integrated over the spot area. NIH Image J version 1.32 software was used to
evaluate the SPRI images in 2D form and to convert of numerical signal to a quantitative
signal.

2.5. The Relationship between UCHL1 and Proteasome Concentration vs. Total Antioxidant Status
and Antioxidant Minerals Concentration

Determination of TAS and the content of antioxidant elements was carried out in accor-
dance with the methodology described in detail in the previous publication. We assessed
the relationship between the concentration of UCHL1 and proteasome vs. the concentration
of selected antioxidant elements and TAS, which were published earlier [32].

2.6. Statistical Analysis

Statistical analyzes were performed using Statistica v.13.3 (TIBCO Software, Inc.,
Palo Alto, CA, USA). The normality of the data distribution was assessed using the Shapiro-
Wilk and Kolmogorov-Smirnov tests. U Mann-Whitney or ANOVA Kruskal-Wallis tests
were used to assess the differences between the groups. In addition, the strength of the
correlation was assessed using Spearman’s rank test. Stepwise multiple linear regression
was used to determine the impact of eating habits on the content of elements and TAS
in the studied patients. Differences at the level of significance p < 0.05 were considered
statistically significant.

3. Results
3.1. Concentration of UCHL1

A significantly higher median concentration of UCHL1 was found in the study group
as compared to the control group (56.05 vs. 7.98 ng/mL, p < 0.000001) (Table 2).
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Table 2. UCHL1 concentration [ng/mL] in the AD group compared to the control group.

Control Group AD Group p

Av. ± SD 7.69 ± 1.76 55.75 ± 7.43

<0.000001 *
Min.–Max. 2.45–10.81 40.52–79.16

Med. 7.98 56.05
Q1 6.62 49.79
Q3 9.33 61.04

Av., mean; Med, median; Q1, lower quartile; Q3, upper quartile; SD, standard deviation. * was supposed to mean
statistical significance.

Moreover, there was no correlation between the concentration of UCHL1 and the
result of the MMSE test, the result of the clock drawing test, age, and BMI.

There was also no difference by gender (Figure 1) and smoking status (Figure 2).
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Based on the MMSE result, patients were divided into two categories (mild and
moderate dementia) and five categories (profound dementia, moderate dementia, mild
dementia, cognitive impairment without dementia, normal). There was no difference in the
concentration of UCHL1 between the groups.
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There was no significant correlation between the concentration of UCHL1 and the
concentration of Se, while significant correlations are presented in Table 3.

Table 3. Significant correlations between the concentration of UCHL1 and selected parameters.

Parameter 1 Parameter 2 r p

UCHL1
Zn −0.338 <0.000004 *

TAS −0.217 <0.01 *
Cu/Zn 0.262 <0.002 *

Av., mean; Med, median; Q1, lower quartile; Q3, upper quartile; SD, standard deviation; TAS, Total Antioxidant
Status. * was supposed to mean statistical significance.

We showed that the type of pharmacotherapy used did not affect the level of UCHL1
(Table 4).

Table 4. UCHL1 concentration [ng/mL] depending on pharmacotherapy.

Rivastigmine + Memantine Memantine + Donepezil

Av. ± SD 60.44 ± 4.06 56.73 ± 5.56
Min.–Max. 55.31–65.34 43.17–63.86

Med. 59.16 58.46
Q1 58.65 55.34
Q3 63.71 61.04

No pharmacotherapy No pharmacotherapy

Av. ± SD 55.51 ± 7.99 55.53 ± 7.80
Min.–Max. 40.52–79.15 40.52–79.15

Med. 55.88 55.88
Q1 49.26 49.17
Q3 60.85 60.95
p 0.16 0.41

Av., mean; Med, median; Q1, lower quartile; Q3, upper quartile; SD, standard deviation.

3.2. Concentration of Proteasome

Patients with AD had a higher proteasome concentration compared to the control
group (13.02 vs. 5.72, p < 0.0001) (Table 5).

Table 5. Proteasome concentration [µg/mL] in the test group compared to the control group.

Control Group AD Group p

Av. ± SD 5.20 ± 1.82 13.94 ± 9.88

<0.0001 *
Min.–Max. 1.90–7.86 3.46–60.47

Med. 5.72 13.02
Q1 3.13 9.84
Q3 6.34 15.04

Av., mean; Med, median; Q1, lower quartile; Q3, upper quartile; SD, standard deviation. * was supposed to mean
statistical significance.

However, there was no correlation with the MMSE test result, as well as in the classifi-
cation of patients into two groups (mild and moderate dementia) and five groups. There
was also no correlation to the result of the clock drawing test, age, and BMI. There was
no difference in the proteasome concentration between gender (Figure 3) and between
smokers and non-smokers (Figure 4).
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In the case of the proteasome concentration, no correlation was found with the con-
centration of mineral components (Se, Zn, Cu, and Cu/Zn) and TAS. There were also
no differences between patients receiving various pharmacotherapy: rivastigmine and
memantine (p = 0.910) and memantine and donepezil (p = 0.630).

There was a significant positive correlation between the concentration of UCHL1 and
the concentration of the proteasome in the AD group, and a negative correlation in the
control group (Table 6).

Table 6. Significant correlations between the concentration of UCHL1 and proteasome.

Parameter 2 r p

Control group −0.372 p < 0.02 *
AD group 0.266 p < 0.007 *

AD: Alzheimer’s disease, r: correlation coefficient. * was supposed to mean statistical significance.

3.3. The Influence of Eating Habits on UCHL1 and Proteasome Concentration

The influence of eating habits on UCHL1 is presented in Table 7. A positive value of
the β coefficient means that frequent consumption of a given product increases UCHL1;
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negative value that frequent consumption lowers this parameter. The adjusted value of
R2 means that in this case 52% of the influence of the above factors was explained by the
regression.

Table 7. Stepwise multiple linear regression analysis of the influence of the frequency of consuming
food products on the concentration of UCHL1.

Independent Variables β Coefficient (SE) Significance Level Adjusted R2

Honey −0.603 (0.138) 0.0001
Cooked vegetables −0.306 (0.103) 0.0047

0.52

Milk −0.252 (0.114) 0.0318
Fruit 0.405 (0.111) 0.0007

Other cold cuts (ham, sirloin) 0.311 (0.102) 0.0040
Yellow and processed cheeses 0.289 (0.116) 0.0169

Legumes 0.266 (0.111) 0.0215
Jams 0.263 (0.117) 0.0302

Sausages 0.260 (0.115) 0.0289
Coffee −0.169 (0.111) 0.1360

Oils −0.166 (0.102) 0.1128
Tea 0.109 (0.103) 0.2971

Statistically significant products (p < 0.05) are marked in bold.

In the case of the proteasome, only two factors have a significant influence on the
reduction or increase of its concentration, and the strength of the compound is small and
amounts to 15% (Table 8).

Table 8. Stepwise multiple linear regression analysis of the influence of the frequency of consuming
food products on the concentration of proteasome.

Independent Variables β Coefficient (SE) Significance Level Adjusted R2

Canned fish −0.283 (0.124) 0.0266

0.15

Fruit 0.284 (0.134) 0.0383
White cheeses 0.171 (0.126) 0.1805

Sausages 0.169 (0.131) 0.2025
Fish −0.137 (0.131) 0.2994

Honey −0.186 (0.134) 0.1702
Statistically significant products (p < 0.05) are marked in bold.

4. Discussion

Contemporary literature data describe the ubiquitin-proteasome system as a potential
therapeutic target in AD. This system is crucial for protein degradation in eukaryotes. Ubiq-
uitin hydrolase (UCHL1) has been shown to increase the cellular levels of monoubiquitin
and thus increase the protein turnover rate of the above system. Low levels of UCHL1 are
associated with the accumulation of Aβ in AD [38].

UCHL1 is a deubiquitinating enzyme that is involved in the pathogenesis of neurode-
generative diseases, including AD. The main enzyme role is the elimination of misfolded
proteins [39]. Our research allowed us to assess that AD patients are characterized by
a higher median UCHL1 than healthy individuals (56.05 vs. 7.98 ng/mL, p < 0.000001).
However, the decrease of this enzyme in brain tissue was observed in both ischemic injury
and AD [40]. It is possible that the increased UCHL1 level in serum should compensate for
the decrease in the enzyme concentration in brain tissue. A higher concentration of UCHL1
may also reflect the body’s metabolic response to acute inflammation; it is considered a
biomarker for various forms of acute CNS damage [40].

Our research showed a tendency to have a negative link between the concentration
of UCHL1 and Zn and between UCHL1 and TAS. Zinc deficiency has been shown to
reduce UCHL1 expression in the rat hippocampus [41]. In contrast, studies on cultured
hippocampal neurons showed that zinc modulated UCHL1 expression, suggesting that
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UCHL1 downregulation may be involved in memory dysfunction caused by a deficiency
of this element [42].

Regression analysis showed that frequent consumption of honey, cooked vegetables,
and milk may be negatively correlated with UCHL1 concentration, while consumption
of fruit, other cold cuts (sirloin, ham), yellow and processed cheese, legumes, jams, and
sausages may be positively correlated with this parameter. This group of products includes
highly processed foods that are not recommended in the diet of AD patients. In 2017,
a systematic review was published on the link between nutrition and AD. The authors
found such a link in 50 of the 64 studies [43]. For example, a study of 5386 participants
found a link between the consumption of trans fat, saturated fat, cholesterol, and total fat
and the development of AD [44]. An excess of simple sugars and saturated fatty acids in
the diet is a significant risk factor for AD. The so-called Western diet may result in, inter
alia, the occurrence of obesity, dysbiosis of the intestinal microflora, and acceleration of
low-grade systemic inflammation. These changes can lead to impairment of the blood-brain
barrier and the development of neuroinflammation in addition to amyloid accumulation.
The consequence may be dysfunction of synaptic transmission, neurodegeneration, and
impairment of cognitive functions and memory [45].

In turn, the concentration of the proteasome may be positively affected by fruit con-
sumption, and disadvantageously by the consumption of canned fish. Fish is rich in
omega-3 fatty acids, including docosahexaenoic acid (DHA) and eicosapentaenoic acid
(EPA). Shin et al. (2017) showed that DHA mediates intermolecular bonds of proteins
through oxidation, and the resulting protein aggregates strongly reduce the activity of
proteasomes—which has been proven both in vitro and in cultured cells. In cell models
characterized by the overexpression of aggregation-prone proteins, such as for example tau,
significantly increased levels of tau aggregates and total ubiquitin conjugates were found
in the presence of DHA. In summary, DHA is described as a potent inducer of cellular
protein aggregates that inhibit proteasome activity and retard systemic protein degradation
in pathological conditions [46].

Other nutritional factors that are relevant to dementia and cognitive disorders include
extra-virgin olive oil, nuts, berries, coffee, tea, cocoa, garlic, curcumin, omega-3 fatty acids,
ginkgo biloba, resveratrol, phytoestrogens, and alcohol [47].

Donepezil and rivastigmine are cholinesterase inhibitors, while memantine is the
N-methyl-d-aspartate receptor blocker [48]. In our study, we found no difference in
UCHL1 levels in the rivastigmine and memantine groups compared to the memantine and
donepezil groups. In the future, it is possible to conduct gene therapies in patients with
impaired UCHL1 function.

The research by Öhrfelt et al. (2016) indicates that UCHL1 levels can be used as a
cerebrospinal AD biomarker. The pilot study showed that the median UCHL1 in cere-
brospinal fluid in the control group (n = 31) was 4.5 µg/L, while in the AD group (n = 10)
it was significantly higher: 12 µg/L. This trend has been confirmed in the larger population.
Finally, the control group was characterized by UCHL1 at the level of 7.2 µg/L, and the AD
group at a significantly higher concentration—at the level of 11 µg/L [49]. Our research
also showed a significant increase in UCHL1 in patients with AD.

Our results show that the SPRI technique with specific biosensors for the determination
of UCHL1 and proteasome may be a very useful tool in the investigation of AD including
effectiveness therapy, the recommended diet, etc.

5. Conclusions

Increased concentration of UCHL1 and the proteasome may be an important diagnostic
marker of AD.

The increase in the above parameters can be caused by many factors, including eating
habits. The result, inter alia, is different concentrations of individual components in the
blood and tissues. Diet modifications by reducing the frequency of consumption of certain
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food categories, incl. highly processed foods may indirectly improve the clinical status of
AD patients.
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