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Background: Chronic pruritus (CP) is a common and distressing symptom among renal transplant recipients (RTRs), yet its
pathogenesis remains poorly understood. Recent evidence suggests that dysregulation of the endogenous opioid system may
contribute to pruritus in various conditions, but its role in RTRs has not been thoroughly investigated.

Objective: This study aimed to assess the concentrations of specific endogenous opioids (S-endorphin, dynorphin A, met-
enkephalin, and leu-enkephalin) in RTRs with and without pruritus to explore their potential role in pruritus pathogenesis.
Methods: A total of 129 RTRs and 47 healthy controls were included in the study. Serum levels of S-endorphin, dynorphin A, met-
enkephalin, and leu-enkephalin were measured using enzyme-linked immunosorbent assays (ELISAs). Pruritus severity was assessed
using the Worst Pruritus Numerical Rating Scale (WP-NRS) and the 4-Item Itch Questionnaire (411Q).

Results: Pruritic RTRs had significantly lower serum f-endorphin levels compared to nonpruritic RTRs (p = 0.008). However, there
were no significant differences in dynorphin A, met-enkephalin, or leu-enkephalin levels between pruritic and nonpruritic RTRs or
between RTRs and healthy controls. The -endorphin to dynorphin A ratio also did not differ significantly between groups.
Conclusion: The study suggests that disturbances in the endogenous opioid system, particularly involving f-endorphin, may play
a role in the pathogenesis of pruritus in RTRs. Further research is needed to elucidate the precise mechanisms and to explore
potential therapeutic interventions targeting the opioid system in this population.
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What did the study ask?

¢ The study aimed to assess the concentration of specific

Why carry out this study?

e CP is a significant burden in RTRs, affecting quality of
life and remaining poorly understood.

e No research exists on the role of the endogenous
opioid system in pruritus among RTRs, despite its
recognized involvement in other forms of pruritus.

endogenous opioids in pruritic RTRs to explore their
potential role in pruritus pathogenesis.

What was learned from the study?

¢ The study found that pruritic RTRs have significantly
lower f-endorphin levels compared to nonpruritic
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RTRs, suggesting a potential link between opioid
system disturbances and pruritus in this population.

What has been learned from the study?

e While the findings support the involvement of the
opioid system in RTR-associated pruritus, they also
highlight the complexity of the condition, indicating
a need for further investigation into other contributing
factors.

1. Introduction

Chronic pruritus (CP) is a sensation causing the desire to
scratch, which lasts for at least 6 weeks [1]. CP is a com-
mon symptom affecting approximately 13.5% of the
general adult population, with an increasing prevalence
among the elderly [2, 3]. It has also been reported that
every fifth adult suffered from CP at least once in their life
[1]. CP is frequently associated with dermatological dis-
orders. In various chronic dermatoses, including atopic
dermatitis (AD) and urticaria, its prevalence may reach up
to 100% [4]. Nevertheless, in nondiseased skin, it may also
be a symptom of systemic, neurological, malignant, or
psychiatric conditions, as well as a side effect of numerous
medications [1, 3, 5]. The burden of CP has been vastly
studied. According to the available knowledge, it is as-
sociated with impaired quality of life (QoL), sleep dis-
turbances, depression, and anxiety [6]. Given its
multifactorial nature, CP remains challenging to di-
agnose, and its treatment is often unsatisfactory for both
patients and clinicians.

Recent research has highlighted the significant role of
opioid system dysregulation in the pathophysiology of
pruritus in chronic kidney disease (CKD) [7-10]. The pri-
mary opioid receptors implicated in itch transmission in-
clude p-opioid receptors (MORs), x-opioid receptors
(KORs), and §-opioid receptors (DORs). Notably, activation
of MOR has been associated with the promotion of itch,
whereas KOR activation appears to exert an inhibitory effect
[11]. Furthermore, recent findings have corroborated the
involvement of opioid receptors in the pathogenesis of
CKD-associated pruritus (CKD-aP), a common and dis-
tressing symptom among patients with advanced or end-
stage renal disease (ESRD) [7, 8, 12].

Kidney transplantation (KTx) remains an essential
therapeutic intervention for ESRD patients, offering sub-
stantial improvements in survival and QoL compared to
long-term hemodialysis. Nevertheless, renal transplant re-
cipients (RTRs) are not exempt from long- and short-term
complications, with CP being a particularly challenging issue
[6, 13]. Our previous studies indicated that pruritus affects
up to 21.3% of RTRs, with most cases developing after KTx
[13]. Moreover, our group recently found that IL-31 and
neurotrophin 4 (NT-4) may play an important role in the
development of CP in RTRs [14, 15]. Nevertheless, despite
unveiling the prevalence, burden, and several possible
pathomechanisms behind CP in RTRs, its precise etiology
remains poorly understood, reflecting a critical gap in the
current knowledge.
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Given the limited research and the complex mechanisms
underlying pruritus, effective management of CP remains
a significant challenge. Consequently, this study aimed to
assess the concentration of endogenous opioids (met-en-
kephalin, leu-enkephalin, f-endorphin, and dynorphin A) in
pruritic patients following KTx.

2. Materials and Methods

The study complied with the Declaration of Helsinki and
received ethical approval from the Wroclaw Medical Uni-
versity Institutional Review Board (number: KB-750/2021).
Informed, written consent was obtained from all partici-
pants prior to their inclusion in the study. The research was
carried out between March and November 2021 at the
Department of Nephrology and Transplantation Medicine
and the Department of Dermatology, Venereology and
Allergology of Wroclaw Medical University, Wroclaw,
Poland.

2.1. Participants. A total of 129 RTRs participated in the
study, all of whom were adults with functioning renal
transplants. Patients with chronic dermatological disorders
or other conditions potentially contributing to pruritus were
excluded to ensure the accuracy of the results. The partic-
ipants’ demographic and clinical data, such as sex, age, body
mass index (BMI), duration of CKD, time spent on dialysis,
time posttransplantation, atopic predisposition, and family
history, were meticulously recorded. The exclusion criteria
comprised patients under 18, those who could not cooperate
or complete the questionnaire, individuals with active skin
disorders, other itchy conditions, and nonfunctioning kid-
ney transplants. Moreover, all patients receiving treatments
that possibly affect serum opioid levels (phototherapy, pain
medication, and opioid analgesics) were excluded. The RTRs
were stratified into two groups based on the presence or
absence of pruritus within the preceding three days, while 47
healthy volunteers from the Wroclaw Blood Donation
Center served as the healthy control (HC) group.

2.2. Pruritus Assessment. Pruritus severity was evaluated
using the Worst Pruritus Numerical Rating Scale (WP-NRS)
and the 4-Item Itch Questionnaire (41IQ) [16, 17]. The
WP-NRS is an 11-point scale where participants rate their
worst pruritus over the past three days, with scores ranging
from 0 (no pruritus) to 10 (worst imaginable pruritus). The
following cut-off points were applied: 1-2 points indicate
mild pruritus, 3-6 points indicate moderate pruritus, 7-8
points indicate severe pruritus, and scores of 9 or above
represent very severe pruritus [16]. The 4IIQ was used to
further assess pruritus, measuring intensity, frequency, ex-
tent, and the impact of itch on sleep. Each parameter was
scored on a six-point scale, with 0 points indicating no
pruritus or disturbance and 5 points indicating the most
severe pruritus, highest frequency, broader involvement, or
greatest sleep disturbance. Higher overall scores on the 41IQ
correspond to more severe pruritus [17]. In addition, the
Itchy QoL (ItchyQoL) questionnaire was employed to assess
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the impact of CP on patients’ QoL [18]. This tool includes 22
items divided into three domains: symptoms, functional
limitations, and emotional impact. Responses for frequency
items were scored on a scale from 1 (never) to 5 (all the time),
while bother items were scored from 1 (not bothered) to 5
(severely bothered) [18].

2.3. Laboratory Tests. Blood samples (9 mL) were collected
from each RTR (129 subjects) and from 47 HCs. To ensure
the integrity of the samples, all blood draws were performed
under standardized conditions. Following collection, the
samples were immediately centrifuged at 3000 rpm for
15 min to separate the serum. The serum was then aliquoted
and stored at —80°C until further analysis to preserve the
stability of the analytes.

To quantify endogenous opioid peptides, enzyme-linked
immunosorbent assays (ELISAs) were conducted according
to the manufacturer’s protocols. Specifically, the concen-
trations of met-enkephalin, leu-enkephalin, f3-endorphin,
and dynorphin A were measured using commercially
available ELISA Kkits: met-enkephalin (S-1419 Met-
Enkephalin ELISA Kit, BMA Biomedicals, Augst, Switzer-
land), leu-enkephalin (Leu-Enkephalin EIA Kit, Phoenix
Pharmaceuticals, Inc., Burlingame, California, United States
of America), B-endorphin (Nori Human p-endorphin
ELISA Kit, GR111460-1, Genorise Scientific, Inc., Penn-
sylvania, United States of America), and dynorphin A
(RayBio Human Dynorphin A EIA Kit, Ray Biotech, Inc.,
Peachtree Corners, Georgia, United States of America). The
absorbance was read at 450 nm using an EPOCH multiplate
reader (BioTEK Instruments, Inc., Winooski, Vermont,
United States of America). Met-enkephalin, leu-enkephalin,
and dynorphin A concentrations in the serum were
expressed in ng/mL, while $-endorphin concentrations were
reported in pg/mL.

To explore the balance between opioid receptor agonists,
the ratio of MOR agonists to KOR agonists was calculated. This
ratio was determined by dividing the plasma concentration of
B-endorphin by that of dynorphin A, providing insight into the
relative activation potential of these two pathways.

In the same blood samples.

For the comparison, the serum levels of IL-31, NT-4 and
brain-derived neurotrophic factor (BDNF) were measured
using the ELISA technique with commercially available kits
from Genorise Scientific, Inc. (Glen Mills, Pennsylvania,
United States of America). Specifically, the Nori Human
IL-31 ELISA Kit (catalog number: GR 111374) was used to
measure IL-31, while the Nori Human NT-4 ELISA Kit
(catalog number: GR111502) and the Nori Human BDNF
ELISA Kit (catalog number: GR111085) were used for NT-4
and BDNF, respectively. All procedures were carried out
according to the manufacturer’s instructions. The absor-
bance of the samples was measured at a wavelength of
450 nm using the EPOCH microplate reader (BioTEK In-
struments, Inc,, Winooski, Vermont, United States of
America). IL-31 had a test range of 50-3200 pg/mL with
a sensitivity of 10 pg/mL. The ingredients were used in
previous studies [14, 15].

2.4. Statistical Analysis. The statistical analysis was per-
formed using IBM SPSS Statistics Version 26 (SPSS Inc.,
Chicago, llinois, United States of America). Initially, all
datasets were tested for normality using the Shapiro-Wilk
test. Continuous variables were summarized as mean-
tstandard deviation (SD). Categorical variables were
presented as frequencies and percentages. Comparisons
between groups were conducted using the independent
samples t-test for normally distributed data, while the
Mann-Whitney U test was applied for non-normally
distributed data. Correlations between variables were
assessed using Pearson’s correlation coefficient for para-
metric data and Spearman’s rank correlation coeflicient for
nonparametric data.

For group comparisons involving more than two groups,
the Kruskal-Wallis test was utilized for nonparametric data
and analysis of variance (ANOVA) was applied for para-
metric data. Where applicable, post hoc analyses with
Bonferroni correction were performed to adjust for multiple
comparisons. The chi-square test was used to analyze the
association between categorical variables. The significance
level for all statistical tests was set at p <0.05, and all results
were interpreted within this threshold to determine statis-
tical significance.

3. Results

3.1. Baseline Characteristic of the Study Group. Overall, 129
RTRs were enrolled in the study. Among them, 74 (57.4%)
were male, and 55 (42.6%) were female. The mean age of the
entire cohort was 52.01 +13.54 years, with no significant
difference between the pruritic and nonpruritic groups
(51.24 + 14.58 years vs. 53.07 + 12.0 years, respectively). The
study participants were slightly overweight, with an average
BMI of 25.92+5.3kg/m’>. BMI was comparable between
groups, with no significant differences.

The duration of kidney disease and the time spent on
dialysis before transplantation were similar between the two
groups, with the entire cohort averaging 19.90 + 12.23 years
of disease duration and 2.38+1.97 years on dialysis. The
time since renal transplantation was slightly longer in the
pruritic group (8.7 £ 6.54 years) compared to the nonpruritic
group (7.1 +7.45years), but this difference was not statis-
tically significant. 16.3% of participants declared a pre-
disposition to atopy, and 17.1% had a higher propensity for
atopy to appear in the family. A notable difference between
the groups was observed in the history of pruritus during
dialysis and after transplantation. While 35.7% of the entire
cohort reported pruritus during dialysis, a significantly
higher percentage of pruritic RTRs (61.1%) had experienced
pruritus during dialysis compared to the nonpruritic group
(17.3%) (p <0.001). During hemodialysis, 38.57% of RTRs
experienced pruritus. After transplantation, this number
dropped significantly, with only 21.3% continuing to report
itch. Among these, 73.7% saw complete resolution post-
transplant, mostly with immediate relief. For those who still
had pruritus after transplantation, 52.4% reported a new
onset, while 47.6% experienced residual itch from hemo-
dialysis, though generally with lower severity.
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The thorough characteristics of studied populations have
already been published in our previous study [15].

3.2. Pruritus Assessment in Pruritic RTRs. On average,
pruritic RTRs scored 4.98 +2.41 points on the NRS, in-
dicating moderate pruritus. Most cases reported mild or
moderate pruritus (38.9% and 37%, respectively). Patients
with severe and very severe pruritus accounted for 13% and
11.1% of the whole pruritic group, respectively. The mean
41IQ score was 6.61 +2.51 points. The detailed character-
istics of the studied populations have already been
published [15].

3.3. Serum Levels of Met-Enkephalin, Leu-Enkephalin,
B-endorphin, and Dynorphin A in RTRs and in the Control
Group. The analysis of serum opioid concentrations revealed
significant differences in -endorphin levels between pruritic
and nonpruritic RTRs. -Endorphin levels were significantly
lower in the pruritic group (211.6 + 56.6 pg/mL) compared to
the nonpruritic group (253.2+78.0pg/mL, p = 0.008).
However, no significant differences were observed between
the pruritic group and HCs (244.6 +79.5 pg/mL), as well as
nonpruritic RTRs and HCs.

Other opioids, such as met-enkephalin and leu-
enkephalin, showed no statistically significant difference
between all pruritic RTRs, nonpruritic RTRs, and HCs. In
addition, pruritic RTRs had numerically lower dynorphin
A concentrations compared to nonpruritic RTRs
(152.0 £ 83.6 ng/mL vs. 164.1+68.5ng/mL), but the dif-
ference was not statistically significant. Dynorphin A levels
did not significantly vary between RTRs and HCs. The ratio
of B-endorphin to dynorphin A also showed no significant
differences between the studied groups. The results of se-
rum opioid concentrations in the studied groups are
presented in Table 1.

Correlation analysis further highlighted significant as-
sociations involving f-endorphin levels. A moderate, posi-
tive correlation was found between -endorphin levels and
the pruritus severity according to the NRS (r=0.306,
p = 0.025) (Figure 1), and a negative, weak correlation was
observed with interleukin-31 (IL-31) levels (r=-0.209,
p =0.006) (Figure 1). In addition, S-endorphin levels cor-
related positively with BDNF (r=0.150, p = 0.048). The
p-endorphin to dynorphin ratio showed a positive corre-
lation with both the 4IIQ (r=0.272, p = 0.047) and the
ItchyQoL score (r=0.288, p = 0.034) (Figure 1).

4. Discussion

CKD-aP is a prevalent and distressing symptom among
patients with ESRD, with its severity typically escalating
along with the duration of dialysis and the progressive
decline in renal function [19]. While CKD-aP has been
extensively studied in hemodialysis patients, pruritus in
RTRs remains underexplored. Notably, most RTRs who
experience CP report significant relief or a reduction in
itch severity following successful transplantation
[13, 20, 21]. Intriguingly, our study identified that pruritus
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developed de novo in 42.86% of RTRs, suggesting a po-
tentially distinct pathophysiological mechanism com-
pared to CKD-aP in patients on hemodialysis [13].

The endogenous opioid system, known for its critical
role in modulating pain, also appears to be a key player in the
pathogenesis of pruritus. There are three primary opioid
receptors, MOR, KOR, and DOR, each differing in their
ligand-binding affinities and physiological effects [11]. Ac-
tivation of KOR, predominantly by dynorphins, has been
shown to suppress itching, whereas MOR activation by
endorphins tends to exacerbate pruritus [11]. Recent studies
have demonstrated a significant correlation between re-
duced KOR expression and increased MOR activity with the
severity of pruritus in CKD patients [7, 12].

Opioid receptors play diverse roles in itch sensation.
Opioid-induced pruritus is a common adverse effect asso-
ciated with MOR agonists. Conversely, MOR antagonists
have been found to alleviate itch in various conditions. Peer
et al. [22] reported that naltrexone, a MOR antagonist,
significantly reduced pruritus in patients with CKD-aP [22].
Similarly, Monroe [23] demonstrated that nalmefene could
reduce itch in patients with chronic urticaria and AD [23].
Another MOR antagonist, nalbuphine, has been shown to be
both safe and effective in diminishing itch intensity in he-
modialysis patients [24]. In addition, KOR agonists such as
nalfurafine and difelikefalin have shown promise in man-
aging CKD-aP, further supporting the hypothesis that
opioid receptor dysregulation contributes to CKD-aP de-
velopment [25, 26].

The study from 2023 by Wala-Zielinska et al. [27]
revealed that hemodialysis patients with CP had significantly
lower B-endorphin levels, as well as a reduced -endorphin
to dynorphin ratio [27]. Interestingly, while pruritic RTRs
exhibited statistically lower S-endorphin concentrations
compared to their nonpruritic counterparts, there was no
significant difference between the pruritic RTR group and
the control group [27]. Moreover, dynorphin A concen-
trations did not differ significantly among the groups
studied, consistent with our previous findings [27].

Enkephalins, another class of endogenous opioids, have
been found to have elevated levels in patients receiving
hemodialysis [27, 28]. However, the relationship between
enkephalin levels and pruritus is still unclear. Our research
indicated that met-enkephalin levels were significantly
higher in pruritic hemodialysis patients compared to those
without pruritus [27]. In contrast, Danno, Nishiura, and
Tanaka. [28] did not observe such an association. Fur-
thermore, evidence supporting the role of leu-enkephalin in
itch development remains insufficient [27, 29]. The findings
of this study did not support the involvement of met-
enkephalin and leu-enkephalin in pruritus pathogenesis.
The suggested pathway of involvement of endogenous
opioids in the pathogenesis of pruritus is illustrated in
Figure 2.

The observed correlations between f-endorphin levels,
itch severity, and IL-31 suggest a complex interplay between
the opioid and immune systems in modulating pruritus
among RTRs. The reduced S-endorphin levels in pruritic
RTRs may reflect an increased sensitivity of the MOR
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FiGure 1: Correlations between f-endorphin concentrations and NRS in the last 3 days (a), overall ItchyQoL score (b), IL-31 concentration

(c), and 4-item itch questionnaire score (d).

pathway, potentially heightening itch responses even at low
p-endorphin concentrations. Concurrently, the negative
correlation with IL-31 implies that elevated IL-31 levels
might further disrupt -endorphin availability or activity,
amplifying pruritus through neuroimmune pathways.
Lastly, the positive association between f3-endorphin levels
and itch severity within the pruritic group could indicate
a compensatory response aimed at moderating the itch,
though likely inadequate due to opioid system dysregulation.
Furthermore, the absence of significant f-endorphin dif-
ferences between pruritic RTRs and HCs may suggest
a unique alteration in S-endorphin dynamics specific to the
RTR population, potentially arising from transplantation-
related changes in opioid receptor regulation. Collectively,
these findings underscore the intertwined roles of opioid and
immune dysregulation in pruritus among RTRs, with IL-31
exacerbating the condition in the presence of impaired
B-endorphin-mediated inhibition.

The role of endogenous opioids in pruritus appears
significant across various pruritic conditions, with studies
indicating that pathways involving neuroimmune in-
teractions may underlie itch in both AD and psoriasis (Pso)
[30]. For instance, IL-31, often elevated in AD, stimulates
p-endorphin production via keratinocytes, which can
transmit itch through the MOR pathway, contributing to the
intense pruritus typical of AD [30]. Similarly, in Pso,
p-endorphin and MOR dynamics may also modulate itch,

though with notable differences: Pso-associated itch is
generally tied to visible lesions, while AD-related itch can
occur without apparent skin changes, suggesting divergent
mechanisms [30]. Exploring these common opioid-
mediated and neuroimmune pathways in chronic kidney
disease—associated pruritus could reveal overlapping pruritic
mechanisms while highlighting CKD-specific pathways,
thus advancing therapeutic strategies tailored to each
condition.

This study, while offering valuable insights, has some
limitations that should be considered when interpreting the
results. First, the cross-sectional design restricts our ability
to determine causality between opioid levels and pruritus.
However, the findings provide a crucial foundation for
future longitudinal studies that could explore these re-
lationships more deeply. Second, although our cohort is
one of the largest to date in studying pruritus among RTRs,
it may only partially capture the diversity of the RTR
population. Nonetheless, the study’s rigorous selection
criteria and exclusion of confounding conditions help
ensure that the findings are robust and relevant to the
specific population of interest. In addition, while self-
reported measures of pruritus are inherently subjective,
the use of validated and widely accepted scales minimizes
bias and enhances the reliability of the results. Lastly, al-
though our focus was on the opioid system, which is a key
player in pruritus, other potential contributing factors were
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FIGURE 2: Graphical presentation of endogenous opioid implication in the pathomechanism of pruritus in renal transplant recipients.

not explored in this study. Future research could build on
these findings by examining additional biochemical
pathways to provide a more comprehensive understanding
of pruritus in RTRs.

5. Conclusions

Our study suggests that disturbances in the endogenous
opioid system, particularly involving S-endorphin and its
interaction with dynorphin A, may contribute to the
pathogenesis of pruritus in RTRs. The findings indicate that
pruritic RTRs have lower levels of 5-endorphin compared to
nonpruritic RTRs, although this difference does not extend
to HCs. Despite these insights, the precise mechanisms

remain elusive, necessitating further research. Un-
derstanding these pathways could lead to the development of
targeted therapies to manage pruritus in this vulnerable
patient population better.
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