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Abstract
Background Wilson’s disease (WD) exhibits increased inflammatory levels
that are closely associated with cognitive impairment. Studies have demon-
strated that activation of the receptor for advanced glycation end products
(RAGE)/nuclear factor �B (NF-�B) signaling pathway represents an important
inflammatory mechanism mediating cognitive dysfunction; however, the expres-
sion levels of this pathway in the serum of WD patients with mild cognitive
impairment (MCI) remain unclear. Objective To investigate alterations in
serum RAGE/NF-�B pathway expression levels in WD patients and their
impact on MCI. Methods Twenty-three WD patients with MCI hospitalized at
the Brain Disease Center of the First Affiliated Hospital of Anhui University
of Chinese Medicine between January 2024 and January 2025 were enrolled as
the WD-MCI group. Twenty-three healthy individuals with normal cognitive
function, matched for age, gender, and education level during the same period,
were selected as the control group. The Mini-Mental State Examination
(MMSE), Hopkins Verbal Learning Test (HVLT), Boston Naming Test-Second
Edition (BNT-2), Clock Drawing Test (CDT), Trail Making Test-A (TMT-A),
and Instrumental Activities of Daily Living Scale (IADL) were employed to
evaluate patients’global cognitive status and memory, language, visuospatial,
executive, and daily living abilities. Enzyme-linked immunosorbent assay and
qRT-PCR were applied to determine serum expression levels of key molecules in
the RAGE/NF-�B signaling pathway. Differences in cognitive function, serum
RAGE levels, and NF-�B p65 mRNA expression levels between the two groups
were compared. Pearson or Spearman tests were used to analyze correlations
between serum RAGE levels, NF-�B p65 mRNA expression levels, and cognitive
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function scores. Results Compared with the control group, the WD-MCI group
exhibited decreased scores in MMSE, HVLT, BNT-2, and CDT, while TMT-A
and IADL scores were increased (P<0.05). Serum RAGE levels and NF-�B p65
mRNA expression levels in the WD-MCI group were both higher than those in
the control group (P<0.05). Correlation analysis revealed that serum RAGE
levels and NF-�B p65 mRNA expression levels were negatively correlated with
MMSE (r values of -0.866 and -0.729, respectively), HVLT (r values of -0.721
and -0.728, respectively), BNT-2 (rs values of -0.381 and -0.382, respectively),
and CDT (rs values of -0.788 and -0.709, respectively) scores, and positively
correlated with TMT-A (r values of 0.774 and 0.524, respectively) and IADL
(rs values of 0.433 and 0.376, respectively) scores (P<0.05). Conclusion Serum
RAGE/NF-�B pathway expression levels are significantly elevated in WD
patients and are significantly positively correlated with cognitive impairment.
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Abstract

Background: Wilson’s disease (WD) is associated with elevated inflammatory
levels and closely linked to cognitive impairment. Studies suggest that activa-
tion of the receptor for advanced glycation end products (RAGE)/nuclear factor
kappa B (NF-�B) signaling pathway is a critical inflammatory mechanism me-
diating cognitive dysfunction, yet its expression in serum of WD patients with
mild cognitive impairment (MCI) remains unclear.

Objective: To investigate changes in serum RAGE/NF-�B pathway expression
and their impact on MCI in WD patients.

Methods: A total of 23 WD patients with MCI (WD-MCI group) hospitalized
at the Encephalopathy Center of the First Affiliated Hospital of Anhui Uni-
versity of Chinese Medicine from January 2024 to January 2025 were enrolled.
Age-, sex-, and education-matched healthy controls (n=23) were recruited. Cog-
nitive function was assessed using the Mini-Mental State Examination (MMSE),
Hopkins Verbal Learning Test (HVLT), Boston Naming Test-Second Edition
(BNT-2), Clock Drawing Test (CDT), Trail Making Test-A (TMT-A), and In-
strumental Activities of Daily Living Scale (IADL). Serum RAGE levels and

chinarxiv.org/items/chinaxiv-202506.00001 Machine Translation

https://chinarxiv.org/items/chinaxiv-202506.00001


NF-�B p65 mRNA expression were measured using enzyme-linked immunosor-
bent assay (ELISA) and qRT-PCR, respectively. Differences in cognitive scores,
serum RAGE levels, and NF-�B p65 mRNA expression between groups were
compared. Pearson or Spearman correlation analysis evaluated associations be-
tween RAGE/NF-�B p65 mRNA levels and cognitive scores.

Results: Compared with controls, the WD-MCI group showed significantly
lower MMSE, HVLT, BNT-2, and CDT scores, and higher TMT-A and IADL
scores (P<0.05). Serum RAGE levels and NF-�B p65 mRNA expression were
elevated in the WD-MCI group (P<0.05). Correlation analysis revealed that
serum RAGE levels and NF-�B p65 mRNA expression negatively correlated with
MMSE (r=-0.866, -0.729), HVLT (r=-0.721, -0.728), BNT-2 (rs=-0.381, -0.382),
and CDT (rs=-0.788, -0.709) scores, and positively correlated with TMT-A
(r=0.774, 0.524) and IADL (rs=0.433, 0.376) scores (P<0.05).

Conclusion: WD patients exhibit increased serum RAGE/NF-�B pathway ac-
tivity, which is significantly associated with mild cognitive impairment.
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Introduction
Wilson’s disease (WD), also known as hepatolenticular degeneration, is an
autosomal recessive disorder of copper metabolism with a global prevalence of
approximately 30 per million population. Mutations in ATP7B lead to impaired
biliary copper excretion, causing copper accumulation in the liver, brain, and
other organs, resulting in hepatic disease, movement disorders, and psychiatric
symptoms. Recent clinical studies have confirmed that cognitive impairment
represents a major psychiatric manifestation of WD. Although typically mild,
WD-related cognitive deficits cause significant distress in patients’learning, work,
and daily life.

The pathogenesis of cognitive impairment in WD remains incompletely under-
stood. Our previous research and other studies have demonstrated that pe-
ripheral inflammatory responses play a key regulatory role in the pathogenesis
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of cognitive impairments such as Alzheimer’s disease (AD) and aging-related
cognitive decline. Notably, our prior clinical and animal studies found that in-
flammatory levels are significantly elevated in both WD patients and animal
models, correlating with cognitive dysfunction. The receptor for advanced gly-
cation end products (RAGE), an important pattern recognition receptor of the
immunoglobulin superfamily, triggers inflammatory cascades and subsequent
cognitive damage by activating the nuclear factor kappa B (NF-�B) signaling
pathway upon binding to advanced glycation end products (AGEs) at supraphys-
iological concentrations. Recent evidence has confirmed that copper dyshome-
ostasis (overload) promotes AGEs generation and upregulates RAGE expression,
thereby mediating abnormal activation of the RAGE/NF-�B signaling pathway.
However, the expression levels of the RAGE/NF-�B pathway in serum of WD
patients with mild cognitive impairment (MCI) and their correlation with cog-
nitive dysfunction remain unclear. This study aims to investigate changes in
serum expression levels of key molecules in the RAGE/NF-�B signaling pathway
and their relationship with MCI in WD patients.

Methods
Study Subjects

We enrolled 23 WD patients with MCI (WD-MCI group) hospitalized at the
Encephalopathy Center of the First Affiliated Hospital of Anhui University of
Chinese Medicine between January 2024 and January 2025. Twenty-three age-,
sex-, and education-matched healthy individuals with normal cognitive function
were selected as the control group during the same period.

Diagnostic Criteria: (1) WD diagnosis followed the“Guidelines for Diagnosis
and Treatment of Hepatolenticular Degeneration (2022 Edition).”(2) MCI diag-
nosis followed the“2018 Chinese Guidelines for Diagnosis and Treatment of De-
mentia and Cognitive Impairment,”including: (a) cognitive complaints reported
by patients or informants or identified by experienced clinicians; (b) objective
evidence of impairment in one or more cognitive domains from neuropsycho-
logical testing; (c) minimal impairment in complex instrumental activities of
daily living but preserved independent daily functioning; and (d) not meeting
dementia criteria. (3) WD with MCI required fulfillment of both criteria (1)
and (2).

Inclusion Criteria: (1) Age 18-50 years; (2) meeting diagnostic criteria for
WD with MCI, confirmed by two attending neurologists with associate senior
professional titles or higher; (3) providing informed consent.

Exclusion Criteria: (1) Other conditions causing cognitive impairment, in-
cluding traumatic brain injury, cerebrovascular disease, AD, Parkinson’s dis-
ease, or dementia with Lewy bodies; (2) other metabolic or endocrine disorders,
infectious or immune diseases such as vitamin B12 deficiency, hypothyroidism,
or rheumatoid arthritis; (3) severe physical or psychiatric illness; (4) inability
to complete assessments for any reason.
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This study was approved by the Medical Ethics Committee of the First Affil-
iated Hospital of Anhui University of Chinese Medicine (2024AH-12), and all
participants provided informed consent.

Since executive dysfunction is particularly prominent in WD patients, we used
executive function scores as the primary outcome for sample size calculation.
Based on preliminary results, the estimated mean executive function scores
were 55.54 for controls and 79.62 for the WD-MCI group, with standard devi-
ations of 9.23 and 10.17, respectively. Using G*Power 3.1.9.7 software (�=0.05,
power=0.90, two-tailed test) and assuming a 20% dropout rate, the required
sample size was determined to be 23 participants per group.

Data Collection and Assessment

General Clinical Data: We recorded participants’sex, age, and education
level.

Neuropsychological Assessment: Cognitive function was evaluated using
the Mini-Mental State Examination (MMSE), Hopkins Verbal Learning Test
(HVLT), Boston Naming Test-Second Edition (BNT-2), Clock Drawing Test
(CDT), Trail Making Test-A (TMT-A), and Instrumental Activities of Daily
Living Scale (IADL) to assess global cognition and memory, language, visuospa-
tial ability, executive function, and daily living skills. The 24-item Hamilton
Depression Rating Scale (HAMD) was used to evaluate depressive symptoms
(participants with scores >8 suggesting possible depression were excluded). All
assessments were completed by two attending neurologists.

Serum RAGE/NF-�B Pathway Molecular Detection: Fasting venous
blood (4 mL) was collected from all participants in the morning, allowed to
clot for 15 minutes, then centrifuged at 4,000 rpm for 10 minutes (radius
10 cm). Serum was collected and stored at -80°C. Serum RAGE levels
were measured by enzyme-linked immunosorbent assay (ELISA) (Wuhan
Jiyinmei Biotechnology Co., Ltd., catalog No. JYM0140Hu). Serum NF-�B
p65 mRNA expression was detected by quantitative real-time polymerase
chain reaction (qRT-PCR). Total serum RNA was extracted using TRI-
zol LS reagent (Life Technologies, 10296010CN), purity was determined
by NanoDrop (A260/A280 ratio �1.8), and RNA integrity was verified by
agarose gel electrophoresis. One microgram of RNA was reverse-transcribed
to cDNA using PrimeScript RT reagent kit (Takara, RR047A). qPCR
was performed using SYBR Green premix with the following primer
sequences: NF-�B p65 forward 5’-GCTCCTGTTCGAGTCTCCAT-
3’, reverse 5’-TTGCGCTTCTCTTCAATCCG-3’; �-actin (internal
control) forward 5’-AGTGTGACGTTGACATCCGT-3’, reverse 5’-
TGCTAGGAGCCAGAGCAGTA-3’. Reactions were run on an ABI 7500
system: 95°C for 5 minutes, followed by 40 cycles of 95°C for 15 seconds and
60°C for 30 seconds. Relative NF-�B p65 mRNA expression was calculated
using the 2-ΔΔCt method.
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Statistical Analysis

Data were analyzed using GraphPad Prism 8 software. Categorical variables
are presented as number (%) and compared between groups using �² test. Non-
normally distributed continuous variables are expressed as median (P25, P75)
and compared using Wilcoxon rank-sum test. Normally distributed continu-
ous variables are presented as mean ± standard deviation and compared using
independent samples t-test when variances were homogeneous. Correlations be-
tween serum RAGE levels, NF-�B p65 mRNA expression, and cognitive function
scores were analyzed using Pearson correlation (for normally distributed data)
or Spearman rank correlation (for non-normally distributed data). P<0.05 was
considered statistically significant.

Results
Baseline Characteristics

No significant differences were observed between the control and WD-MCI
groups in sex distribution, age, years of education, or 24-HAMD scores (P>0.05)
.

Cognitive Function Comparison

Compared with the control group, the WD-MCI group showed significantly
lower MMSE, HVLT, BNT-2, and CDT scores, while TMT-A and IADL scores
were significantly higher (P<0.05) .

Serum RAGE/NF-�B Pathway Expression

Serum RAGE levels and NF-�B p65 mRNA expression were significantly higher
in the WD-MCI group compared with controls (P<0.05) .

Correlation Analysis

Serum RAGE levels negatively correlated with MMSE (r=-0.866, P<0.001),
HVLT (r=-0.721, P<0.001), BNT-2 (rs=-0.381, P=0.009), and CDT (rs=-0.788,
P<0.001) scores, and positively correlated with TMT-A (r=0.774, P<0.001)
and IADL (rs=0.433, P=0.003) scores. Serum NF-�B p65 mRNA expression
also negatively correlated with MMSE (r=-0.729, P<0.001), HVLT (r=-0.728,
P<0.001), BNT-2 (rs=-0.382, P=0.009), and CDT (rs=-0.709, P<0.001) scores,
and positively correlated with TMT-A (r=0.524, P<0.001) and IADL (rs=0.376,
P=0.010) scores.

Discussion
Wilson’s disease typically manifests insidiously during childhood or adoles-
cence. In addition to hepatic damage, extrapyramidal dysfunction, and Kayser-
Fleischer rings, studies show that over 50% of WD patients experience cognitive
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impairment. Our Encephalopathy Center serves as a national diagnosis and
treatment center for major rare diseases (hepatolenticular degeneration). Our
previous cognitive assessments of WD patients revealed that although cogni-
tive impairment in WD is relatively mild, it can affect multiple cognitive do-
mains, particularly executive function. In this study, compared with healthy
controls, the WD-MCI group demonstrated impairments in global cognitive
function, memory, language, visuospatial ability, executive function, and daily
living skills, with particularly significant deficits in global cognition, visuospa-
tial ability, and executive function. Therefore, the inclusion of a healthy control
group in this study further strengthens our previous research, and the findings
further characterize the profile of cognitive dysfunction in WD patients.

Numerous clinical and animal studies have demonstrated that copper overload-
driven inflammatory responses represent a key pathogenic mechanism of cog-
nitive impairment in WD. RAGE is a multi-ligand pattern recognition recep-
tor composed of 404 amino acids. Upon ligand binding, RAGE expression is
markedly upregulated, initiating activation of the downstream inflammatory
transcription factor NF-�B signaling pathway and participating in inflamma-
tory responses. Moreover, the RAGE promoter contains two NF-�B response
elements that can form a positive feedback loop activation mechanism, maintain-
ing a chronic inflammatory state. Consequently, RAGE has become a key regu-
lator of innate immune responses. The role of RAGE/NF-�B pathway activation
in cognitive impairment in AD has been extensively documented. Our previous
research found that increased RAGE/NF-�B pathway expression is closely associ-
ated with aging-related cognitive decline. Additionally, Giridharan et al. found
that RAGE overexpression plays an important role in mediating cognitive im-
pairment induced by meningitis. Since impaired copper excretion in WD leads
to markedly elevated free copper levels and accelerated AGEs generation, RAGE
expression is significantly upregulated upon binding to AGEs. No previous stud-
ies have reported changes in serum RAGE/NF-�B pathway expression levels in
WD patients and their impact on cognitive impairment. In this study, both
RAGE levels and NF-�B p65 mRNA expression were higher in WD patients
than in controls. To explore the relationship between RAGE/NF-�B pathway
expression and cognitive impairment, we conducted correlation analyses.

The results demonstrated significant correlations between serum RAGE lev-
els, NF-�B p65 mRNA expression, and cognitive function scores. Specifically,
serum RAGE levels and NF-�B p65 mRNA expression negatively correlated with
MMSE, HVLT, BNT-2, and CDT scores (where higher scores indicate better
cognitive function), and positively correlated with TMT-A and IADL scores
(where higher scores indicate worse cognitive function). These findings suggest
that elevated serum RAGE levels and NF-�B p65 mRNA expression may be
associated with cognitive impairment in WD patients.

This study has several limitations. First, it is a single-center, small-sample clin-
ical study that only collected observational indicators (RAGE/NF-�B pathway
expression and cognitive function) at a single time point. The findings require

chinarxiv.org/items/chinaxiv-202506.00001 Machine Translation

https://chinarxiv.org/items/chinaxiv-202506.00001


validation through multi-center, large-sample, multi-time-point studies. Future
research will explore the clinical significance of RAGE/NF-�B pathway expres-
sion in WD with MCI through pharmacological interventions.

Conclusion
Serum RAGE/NF-�B pathway expression levels are significantly elevated in WD
patients and positively correlated with cognitive impairment, providing insights
and potential therapeutic targets for treating WD-related cognitive impairment
through anti-inflammatory interventions.
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