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ABSTRACT

Introduction: Chronic pruritus (CP) is a com-
mon symptom defined as a sensation that pro-
vokes the desire to scratch and which lasts for at
least 6 weeks. CP remains a problem for up to
21.3% of renal transplant recipients (RTRs). Our
research aimed to establish the possible associ-
ation between serum levels of neurotrophin-4
(NT-4) and brain-derived neurotrophic factor
(BDNF) and the presence and intensity of CP in
RTR.
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Methods: The study was performed on a group
of 129 RTRs, who were divided according to the
presence or absence of pruritus in the previous
3 days. The assessment of pruritus was per-
formed with the use of a numeric rating scale
(NRS), 4-Item Itch Questionnaire (41I1Q), and
Itchy Quality of Life (Itchy QoL). A total of 129
blood samples with a volume of 9 ml were
drawn from RTRs during the monthly routine
control. Serum levels (pg/mL) of NT-4 and
BDNF were measured by the ELISA.

Results: Pruritic RTRs have  statistically
significantly higher serum concentrations of
NT-4 serum level compared to non-pruritic
RTRs (229.17 £+ 143.86 pg/mL and 153.08 +
78.19 pg/mL [p = 0.024], respectively). More-
over, a statistically significant difference
between pruritic and non-pruritic RTRs with
healthy controls was shown (p <0.001 and
p < 0.001, respectively). Although there was a
numerically higher serum concentration of
BDNF in pruritic RTRs (32.18 £+ 7.31 pg/mL vs.
31.58 £ 10.84 pg/mL), the difference did not
reach statistical significance. No statistically
significant difference was also seen in BDNF
serum levels between RTRs and healthy con-
trols. Furthermore, there was a statistically sig-
nificant, positive correlation between serum
concentration of NT-4 and NRS score
(p =0.008, r=0.357).

Conclusions: The results indicate higher NT-4
serum concentration in RTRs with pruritus
compared to RTRs without  pruritus.
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Furthermore, the study revealed a statistically
significant, positive correlation between the
serum concentration of NT-4 and NRS score.

Keywords: Brain-derived neurotrophic factor;
Chronic pruritus; Itch; Neurotrophin-4; Renal
transplant recipients

Key Summary Points

Chronic pruritus remains a problem for up
to 21.3% of renal transplant recipients
(RTRs).

The pathogenesis of chronic pruritus in
RTRs remains unknown.

Data on the association of neurotrophin-4
(NT-4) and brain-derived neurotrophic
factor (BDNF) with pruritus is limited.

Serum levels of NT-4 are statistically
higher in pruritic RTRs in comparison to
non-pruritic RTRs and healthy controls.

Serum levels of NT-4 correlate positively
with pruritus severity assessed with
numeric rating scale (NRS).

There are no differences between BDNF
serum levels between pruritic and non-
pruritic RTRs, as well as healthy controls.

Further research is warranted on the
inhibition of NT-activated neuronal
sensory pathways as a promising
treatment modality.

INTRODUCTION

Chronic pruritus (CP) is a common symptom
defined as a sensation that provokes the desire
to scratch and which lasts for at least 6 weeks. It
affects approximately 13.5% of the general
adult population, and its prevalence increases
with age [1]. However, the epidemiological data
on CP are still limited and vary depending on
sources [1, 2]. CP may be a consequence of both

dermatological and systemic disorders such as
metabolic, endocrine, infective, hematological,
neurological, psychiatric, or psychosomatic
disease [1]. Notwithstanding, up to 20% of CP is
of undetermined origin [1]. One of the specific
types of CP is chronic kidney disease-associated
pruritus (CKD-aP), also known as uremic pruri-
tus. CKD-aP can affect up to 13% of patients
with CKD at every stage (worsens as kidney
function decreases) and up to 60% of patients
during hemodialysis (HD) [3, 4]. The patho-
physiology of CKD-aP remains unclear. Among
factors potentially involved in the development
of CKD-aP, authors distinguish the following
disturbances: microinflammation; increased
level of parathyroid hormone; increased con-
centration of histamine and tryptase; increased
concentration of calcium and magnesium;
neuropathy; altered opioid transmission; xero-
sis; infectious agents; immune dysfunction;
dialysis-associated aspects [5-11]. Moreover,
increased concentrations of uremic toxins such
as p-cresyl sulfate and indoxyl sulfate conceiv-
ably may play a role in the underlying mecha-
nism of CKD-aP [1]. Researchers from our center
focused on recent studies on serum levels of
interleukin (IL)-31 and neurotrophin-4 in
patients with CKD-aP requiring HD, proving
that their concentrations are significantly
higher in this particular group [12, 13]. More-
over, a recent study demonstrated that distur-
bance in the balance between the
concentrations of the individual components of
the opioid system might lead to the develop-
ment of pruritus or modulate it in patients
requiring HD [14].

According to current medical knowledge,
renal transplantation (RTx) comprises the best
renal replacement therapy, improving quality-
of-life and decreasing mortality rates [15].
Notwithstanding, the associated pruritus
remains a problem for up to 21.3% of renal
transplant recipients (RTRs) [15]. It should be
emphasized that, according to our study, pru-
ritus in the majority of pruritic RTR develops
after RTx [4]. Both the prevalence and intensity
of CKD-aP in RTR are not dependent on
comorbidities, graft function, electrolyte dis-
turbance, or chronic inflammation [4]. The
pathomechanism of CKD-aP in RTR seems to be
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even more complex and unclear. Uremic toxins,
which are often said to be responsible for the
development of CKD-aP, are at much lower
levels after successful RTx [11, 16]. Furthermore,
our group has proven the association between
IL-31 levels and CP in patients after renal
transplantation [17].

As a result of the lack of fully explored and
understood pathomechanism of CP in RTR,
treatment of pruritus in those groups is based
on very limited data and seems unsatisactory for
both patients and clinicians. Our research
aimed to establish the possible association
between serum levels of neurotrophin-4 (NT-4)
and brain-derived neurotrophic factor (BDNF)
and presence and intensity of CP in RTR.

METHODS

Study Design and Participants

The study was conducted in accordance with
the Declaration of Helsinki and received ethical
approval from Wroclaw Medical University
Institutional Review Board (KB-750/2021). All
included patients provided their informed
consent. The study had a protocol-based inter-
ventional character and was performed between
March and November 2021 in the Department
of Nephrology and Transplantation Medicine of
Wroclaw Medical University, Wroclaw, Poland.

A total of 129 RTRs were enrolled on the
basis of inclusion and exclusion criteria. Each
participant of the study had to be an adult with
a functioning renal transplant. All included
patients were examined by a doctor trained in
the assessment of pruritus. During the exami-
nation, patients with chronic dermatological
disorders, as well as any other disorder which
may have resulted in the development of pru-
ritus, were excluded. Subsequently, a thorough
medical history was taken with an emphasis on
any itching disorder that may have biased the
results. Later, various demographic and clinical
data such as sex, age, BMI, disease duration,
time on dialysis, time after RTx, atopic
predilection, and family history were collected
for analysis. All kidney recipients were divided
into two groups depending on the absence or

presence of chronic CP in the preceding 3 days.
After the collection of a sufficient number of
RTRs without pruritus, consecutive RTRs with
pruritus were collected in order to create two
similar groups. Subsequently, 47 healthy vol-
unteers formed a control group from the Wro-
claw Blood Donation Center.

Pruritus and Psychosocial Assessment

To assess the intensity of pruritus, the numeric
rating scale (NRS), and the 4-Item Itch Ques-
tionnaire (411Q) were implemented [18, 19]. The
11-point NRS enables pruritus severity assess-
ment according to the following scheme: 0
points, no pruritus; 1-2 points, mild pruritus;
3-6 points, moderate pruritus; 7-8 points, sev-
ere pruritus; and > 9 points, very severe pruritus
[18]. The 4IIQ is a validated tool not only to
assess the intensity of pruritus but also allow to
determine its frequency and sleep impairment.
For each of the 6-point scales, O points corre-
spond to the absence of a given parameter, and
5 points indicate the most severe pruritus, the
highest frequency, and the greatest sleep dis-
turbance due to pruritus, respectively [19].
Finally, the Itchy Quality of Live (Itchy Qol) was
employed. Itchy Qol is a questionnaire used to
evaluate the quality of life in patients with
chronic pruritus. It consists of 22 items, divided
into three categories: symptoms, functioning,
and emotions. The frequent items are scored on
a scale from 1 (never), through 2 (rarely), 3
(sometimes), and 4 (often) to 5 (all the time).
The bother items are scored on a scale from 1
(no bothered), through 2 (little bothered), 3
(somewhat bothered), and 4 (very bothered) to
5 (severely bothered). The results are presented
as scores from individual categories and overall
scores [20].

Laboratory Tests

A total of 129 blood samples with a volume of
9 ml were drawn from RTRs during the monthly
routine control. The samples were centrifuged
at 3000xg for 15 min. Then, the obtained serum
was stored at — 80 °C. Subsequently, the serum
level (pg/mL) of NT-4 and BDNF were measured
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by ELISA (enzyme-linked immunosorbent
assay) using the commercially available Nori
Human NT-4 ELISA Kit (catalog number
GR111502, Genorise Scientific, Inc., Pennsyl-
vania, PA, USA) and Nori Human BDNF ELISA
Kit (catalog number GR111085, Genorise Sci-
entific, Inc., Pennsylvania, PA, USA). Every
procedure was performed according to the
manufacturer’s instructions. The absorbance
was measured by EPOCH multiplate reader
(BioTEK® Instruments, Inc., Winooski, VT,
USA) at a wavelength of 450 nm.

Statistical Analysis

The statistical analysis was perfumed using the
IBM SPSS Statistics v. 26 software (SPSS Inc.,
Chicago, IL, USA). Primarily, all data were
examined to determine whether or not they
followed a normal distribution. Quantitative
data analysis required the wuse of the
Mann-Whitney Utest and either Pearson or
Spearman correlations. The Kruskal-Wallis test
with Bonferroni correction was applied to dis-
tinguish differences in concentration of NT-4
and BDNF in each of the three groups. Multiple
regression analyses of NT-4 and BDNF on itch
were adjusted for gender, age, duration of the
disease, dialysis, and time after renal trans-
plantation in order to examine the partial cor-
relations. Qualitative results were assessed using
the chi-square test. Data were presented as
minimum, maximum, mean + SD, median,
and first and third quantiles, with statistical
significance at p < 0.0S.

RESULTS

Baseline Characteristics

The study group consisted of 129 RTRs, 74 men
(57.4%) and 55 women (42.6%), with an aver-
age age of 52.01 £+ 13.54 years. The group was
considered somewhat overweight with an aver-
age BMI of 25.92 + 5.3 kg/m?. The mean dura-
tion of CKD was 19.90 £ 12.23 years. On
average, patients spent 2.38 £ 1.97 years on
dialysis, and were 7.77 4+ 7.10 years after RTx.

Atopy was reported by 21 (16.3%), and positive
family history of atopy by 22 responders
(17.1%). Pruritus was experienced by 46
patients (35.7%) during dialysis, and 70 (54%)
patients after RTx. Thirty responders (42.86%)
claimed that the pruritus had post-transplant
character. Post-dialysis persistent CP was
observed in 40 patients (57.14%); 33 patients
(82.5%) assessed the severity of pruritus after
RTx as lower, while 7 patients (17.5%) reported
it to be the same as during the hemodialysis
period.

The patients were divided into two groups
(pruritic and non-pruritic RTRs) depending on
the presence of pruritus in the preceding 3 days.
The differences in demographics between the
two groups are presented in Table 1.

Pruritus Assessment

The pruritus assessment in pruritic RTRs indi-
cates the presence of moderate pruritus with an
average score of 4.98 &+ 2.41 points, with no
statistically significant difference between male
and female patients. According to NRS, most
frequently patients reported mild pruritus (21
patients, 38.9%), followed by moderate pruritus
(20 patients, 37%), severe pruritus (7 patients,
13%), and very severe pruritus (6 patients,
11.1%). According to 4IIQ, pruritus was on
average rated at 6.61 £ 2.51 points, with no
statistically significant difference between sexes.
The mean score of Itchy QoL Overall was
41.76 £ 16.05, likewise with no statistically
significant difference between male and female
patients (Table 2).

Serum Level of NT-4 and BDNF

The results of the study showed that pruritic
RTRs have statistically significantly higher
serum concentrations of NT-4 serum level
compared to non-pruritic RTRs (229.17 £
143.86 pg/mL and  153.08 £+ 78.19 pg/mL
[p = 0.024], respectively) (Fig.1). Moreover, a
statistically significant difference between pru-
ritic and non-pruritic RTRs with healthy con-
trols was shown (p <0.001 and p < 0.001,
respectively). Although there was a numerically
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Table 1 Baseline characteristics of renal transplant recipients without and with pruritus in the preceding 3 days
Characteristic Whole group Non-pruritic RTRs Pruritic RTRs r
(n = 129) No pruritus in last 3 days  Pruritus in last 3 days
(n=75) (n = 54)

Sex, 7 (%)

Male 74 (57.4) 46 (61.3) 28 (51.9)

Female 55 (42.6) 29 (38.7) 26 (48.1)
Age (years, mean £ SD) 52.01 £ 13.54 51.24 £ 14.58 53.07 £ 12.0 NS
BMI (kg/m% mean + SD) 2592 £ 5.3 257 £55 2622 + 5.06 NS
Time of disease (years, 19.90 £+ 12.23 18.47 £ 11.51 21.84 £+ 13.01 NS

mean + SD)
Time on dialysis (years, 238 £ 1.97 213 + 1.84 272 £ 2.11 NS

mean £ SD)
Time after RTx (years, 7.77 £ 7.10 7.1 £ 745 87 + 6.54 NS

mean + SD)
Atopy, 7 (%) 21 (16.3) 12 ( 9 (16.7) NS
Atopy in family, # (%) 22 (17.1) 11 ( 11 (20.4) NS
Pruritus on dialysis, 7 (%) 46 (35.7) 13 ( 33 (61.1) < 0.001
Pruritus after RTx, 7 (%) 70 (54.3) 16 ( 54 (100)

Pruritus de novo after RTx 30 (42.86) 9 (56.2) 21 (38.9)

Persistent pruritus 40 (57.14) 7 (43.8) 33 (61.1)

Lower severity as on HD 33 (82.5) 5 (71.43) 28 (84.85)

Same severity as on HD 7 (17.5) 2 (28.57) 5 (15.15)

n number of patients, RTRs renal transplant recipient, R7x renal transplantation, NS not statistically significant, SD

standard deviation, HD hemodialysis

higher serum concentration of BDNF in pruritic
RTRs (32.18 £ 7.31 pg/mL vs. 31.58 & 10.84
pg/mL) (Fig. 1), the difference did not reach
statistical significance. No statistically signifi-
cant difference was also seen in BDNF serum
levels between RTRs and healthy controls
(Table 3).

Furthermore, there was a statistically signifi-
cant, positive correlation between serum con-
centration of NT-4 and NRS score (p = 0.008,
r=0.357) (Fig.2). No statistically significant
correlation was found between NT-4 serum level
and 4IIQ score. We were unable to find signifi-
cant relationships between pruritus intensity
(all methods evaluating pruritis intensity) and

Itchy QoL (p > 0.05). BDNF serum concentra-
tion did not correlate with any scores used for
the assessment of pruritus intensity (p > 0.05).

On multiple linear regression NT-4 showed a
significant association with itch intensity
assessed by NRS (p = 0.01) with a standardized
coefficient beta of 0.357. There was no such
association visible for BDNF.

DISCUSSION

Neurotrophins (NTs) are defined as a family of
signaling molecules, similar in sequence and
structure, that play relevant roles in nervous

I\ Adis



2790

Dermatol Ther (Heidelb) (2023) 13:2785-2796

Table 2 Pruritus assessment in pruritic renal transplant recipients

Characteristic General (z = 54) Female (» = 26) Male (» = 28) r
NRS (points, mean £ SD) 498 + 241 5.38 £ 2.53 4.61 + 2.27 NS

Mild, 7 (%) 21 (38.9) 10 (38.5) 11 (39.3)

Moderate, 7 (%) 20 (37) 8 (30.8) 12 (42.9)

Severe, 7 (%) 7 (13) 4 (15.4) 3 (10.7)

Very severe, 7 (%) 6 (11.1) 4 (15.4) 2 (7.1)
4-item itch questionnaire (points, mean + SD) 6.61 £+ 251 6.62 £ 297 6.61 £ 2.04 NS
Itchy QoL Overall (points, mean & SD) 41.76 + 16.05 40.65 + 14.68 4279 £ 1744 NS
Itchy Qol 1 (points, mean =+ SD) 183 + 6.84 17.85 £ 5.92 18.71 £ 7.68 NS
Itchy Qol 2 (points, mean + SD) 11.56 + 5.49 11.58 £ 5.69 11.54 + 5.4 NS
Itchy Qol 3 (points, mean £ SD) 1191 £ 5.39 1123 + 4.71 12.54 £ 5.97 NS

n number of patients, NS not statistically significant, NRS numeric rating scale, VA4S visual analog scale, QoL quality of life,

SD standard deviation

system development, survival, and function
[21]. Thus far, four NTs have been identified in
mammals: nerve growth factor (NGF), brain-
derived neurotrophic factor (BDNF), neu-
rotrophin-3 (NT-3), and neurotrophin-4 (NT-4)
[21]. The multifunctional character of NTs has
been the subject of research for decades.
Through the Trk receptors and p7SNTR, NTs
activate a wide range of signaling pathways [21].
NTs have the ability to control a number of
surviving neurons, regulate axon growth, den-
drite pruning, innervation pattering, and
expression proteins such as neurotransmitters
and ion channels.

Moreover, NTs in the mature nervous system
are responsible for the plasticity of nerves,
resulting in shape and physiology changes, but
also indicate the ability to modulate synaptic
processes, such as neurotransmitter secretion
[22, 23]. The contribution of NTs to dermato-
logical conditions remains unclear. However,
researchers constantly investigate their role in
numerous skin disorders, including pruritus.

NT-4 is the most recently discovered NTs in
mammals which makes it also considered the
least studied. The ubiquitous expression of NT-4
distinguishes NT-4 from other NTs. Timmusk
et al. [24] found NT-4 mRNA expression in every
12 examined peripheral rat organs, including

the skin [24]. Moreover, NT-4 expression seems
to be less influenced by environmental signals
than other NTs. There are few very specific
reports of NT-4 expression regulation, such as
the effects of mitogens and mediators of
inflammation on immunocompetent cells and
the effect of vitamin D3 on cultured astrocytes
[25]. Furthermore, skeletal muscle expression
depends on muscle activity. The activity of
innervating motor neurons increases NT-4 pro-
duction, which provides trophic support [26].
Available studies about the contribution of
NT-4 to skin disease associated with pruritus are
very limited [27]. According to Grewe et al.’s
[28] study conducted in 2000, keratinocytes
activated by interferon-y have the ability to
express NT-4 [28]. Moreover, intense epidermal
staining was observed in the prurigo lesions of
atopic dermatitis (AD) skin. In 2007, Chang
et al. [29] recruited 152 patients with chronic
plaque-type psoriasis to evaluate the expression
of various neuropeptides. Their results did not
reveal any differences in NT-4 serum level
between pruritic and non-pruritic groups [29].
The study by Sorour et al. [30], published in
2019, reported that patients diagnosed with
CKD-aP had significantly higher NT-4 levels
compared to controls and established a corre-
lation between NT-4 and the severity of CKD-
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recipients

aP. A 2022 study performed by Wala-Zielinska
et al. [12] on 126 subjects requiring HD showed
elevated serum levels of NT-4 in patients with
chronic pruritus. Nevertheless, no significant

correlation was found between pruritus inten-
sity and NT-4 concentration [12]. Our study
aimed to establish whether a similar depen-
dency in RTR can be observed. Our results
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Table 3 Serum levels of neurotrophin-4 and brain-derived neurotrophic factor in renal transplant recipients

Characteristic Non-pruritic Pruritic RTRs
RTRs Pruritus in last
No pruritus in 3 days
last 3 days (n = 54)
(m =75)

Control P
(n = 47)

Post hoc

Neurotrophin-4 (pg/mL, 153.08 £ 78.19

mean + SD)

Brain-derived 31.58 & 10.84
neurotrophic factor

(pg/mL, mean =+ SD)

32.18 £ 7.31

229.17 £ 143.86 115.61 £ 14846 < 0.001 Pruritic vs. non-pruritic:

0.024 pruritic vs.
control < 0.001

Non-pruritic vs.
control < 0.001

40.26 + 1048 NS NS

» number of patients, RTRs renal transplant recipient, NS not statistically significant

showed that RTRs with CP are characterized by
significantly higher NT-4 serum concentration
than RTRs without pruritus and healthy con-
trols.  Furthermore, positive correlations
between serum level of NT-4 and pruritus

1000

800

Neurotrophin-4 (NT-4) pg/mL

severity, measured by NRS, was proven. On the
basis of our research and the articles mentioned
above, one may conclude that NT-4 contributes
to CKD-aP development in patients with CKD
before dialysis, undergoing dialysis, and CP

| p=0.008, r=0.357 |

6 8 10

NRS itch in previous 3 days

Fig. 2 Correlation between serum levels of neurotrophin-4 and pruritus assessed with the numeric rating scale (NRS)
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after RTx [12, 30]. However, further research is
needed to determine the exact pathogenetic
mechanism of CP in those individual groups.
Slightly more studies are available on the
role of BDNF in dermatological disorders con-
nected with pruritus. Notwithstanding, they
show numerous discrepancies. In 2005, Raap
et al. [31] aimed to assess BDNF levels and TrkB
expression in patients with AD. The study
revealed the functional role of BDNF in eosi-
nophils, presumably mediated by increased
expression of BDNF receptors. Patients with AD
showed higher concentrations of BDNF in
serum, plasma, eosinophils, and supernatants of
stimulated eosinophils compared to the control
group [31]. Hon et al. [32] recruited 28 patients
with AD under 18 years of age to not only
measure the concentration of BDNF but also to
assess the SCORing Atopic Dermatitis
(SCORAD) index and quality of life with the
Children’s Dermatology Life Quality Index
(CDLQ)). Furthermore, using a DigiTrack mon-
itor, researchers recorded dominant limb
motion while patients slept. The study demon-
strated a correlation between BDNF serum level,
SCORAD index, and quality of life scores. Fur-
thermore, a strong correlation with nocturnal
wrist movements was observed, which authors
interpreted as a possible result/outcome of
BDNF-induced pruritus [32]. According to a
study conducted in 2009 by Ma et al. [33],
serum BDNF level correlated with the severity of
AD in adults, evaluated by SCORAD index [33].
In 2016, Folster-Holst et al. [34] also confirmed
increased serum levels of BDNF in children with
AD [34]. Rossing et al.’s 2011 study performed
on 50 adult patients with chronic spontaneous
urticaria (CSU) revealed a higher serum con-
centration of BDNF in this group compared to
healthy subjects [35]. Nevertheless, there was
no difference in the expression of TrkB between
CSU and controls [35]. Regarding psoriasis,
Nakamura et al. [36] in 2003 described a lack of
difference in BDNF expression in 38 patients
with psoriasis vulgaris divided into two groups
according to the presence or absence of pruritus
[36]. On the other hand, Brunoni et al. [37] and
Sjahriri et al. [38] showed decreased BDNF
serum concentration in psoriasis compared to
the healthy controls [37, 38]. Regarding BDNF

levels in patients with CKD, the literature
showed significant differences in the results of
studies. According to some authors, BDNF
expression was higher in patients with CKD
both before and during HD [30, 39-41]. As NTs
not only play a relevant role in glomerular
development, morphology, and function but
also efficiently repair podocyte damage, their
serum concentration may be higher in the case
of renal impairment [40, 41]. Notwithstanding,
Sorour et al. [30] did not establish any differ-
ence in BDNF serum levels between patients
with CKD-aP, without CKD-aP, and the healthy
control group [30]. What is more, Zoladz et al.
[42] claimed that according to their research,
BDNF level in patients requiring HD was even
lower than in healthy subjects [42]. The authors
suggest that this condition may be a conse-
quence of enhanced oxidative stress induced by
HD [42]. In the case of diabetic nephropathy,
BDNF plasma level happened to be significantly
elevated compared to CKD with different ori-
gins [40]. The results of our study do not
demonstrate any significant difference in BDNF
concentration in patients divided according to
the presence and absence of CP in the preceding
3 days. Available data on the aforementioned
issue are insufficient to state BDNF’s involve-
ment in the mechanism of CKD-aP.

As a result of limited knowledge about the
underlying mechanism of CKD-aP, its treatment
usually remains ineffective and unsatisfactory
for both patients and clinicians. Recently
approved by US Food and Drug Administration
(FDA), difelikefalin is a synthetic agonist of the
kappa opioid receptor used in moderate-to-sev-
ere pruritus. Studies proved that, by reducing
pruritus intensity, difelikefalin improves the
quality of life for patients with CKD-aP. How-
ever, the lack of data about its long-term effec-
tiveness is a limitation that further research
needs to overcome [43]. The search for alterna-
tive CKD-aP treatment is still ongoing. NTs
receptors are a promising direction to explore a
potential therapy. Thus far, none of the TrkB
receptor antagonists has been considered a
possible cure for CKD-aP in clinical trials.
However, pegkantratinib (CT327, SNA-120), an
antagonist of TrkA (the high-affinity NGF
receptor), has been tested to treat pruritus in
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patients with AD or psoriasis [44]. The use of
pegkantratinib ointment has already shown
effectiveness in reducing pruritus in patients
with psoriasis [44].

We understand the limitations of our study.
Firstly, this is a single-center study with a lim-
ited number of RTRs. Moreover, our assessment
only included NT-4 and BDNF; further research,
with the inclusion of the rest of NTs, as well as
IL-4, IL-13, and B-type natriuretic peptide
(BNP), is needed to fully elucidate their
involvement in CP in this group of patients.

CONCLUSIONS

To the best of our knowledge, this is the first
study evaluating NT-4 and BDNF serum levels in
RTRs. The results indicate higher NT-4 serum
concentration in RTRs with pruritus compared
to RTRs without pruritus. Furthermore, the
study revealed a statistically significant, positive
correlation between the serum concentration of
NT-4 and NRS score. No relationship between
BDNF serum level and the occurrence of CP in
RTRs was shown. In light of the aforementioned
results and the possible involvement of NTs in
the pathomechanism of CP in patients with
CKD and RTRs, further research is warranted on
the inhibition of NT-activated neuronal sensory
pathways as a promising treatment modality.
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