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Abstract 

Background Wilson’s disease (WD) is a hereditary disorder that results in the accumulation of copper. The patho-
genic mechanism is not well understood, and diagnosing the disease can be challenging, as it shares similarities 
with more prevalent conditions. To explore the metabolomic features of WD and differentiate it from other diseases 
related to copper metabolism, we conducted targeted and untargeted metabolomic profiling using ultra-high-perfor-
mance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) and liquid chromatography-tandem mass 
spectrometry (LC-MS). We compared the metabolomic profiles of two subgroups of WD patients, namely hepatic 
WD (H-WD) and neurological WD (N-WD), H-WD patients and liver cirrhosis patients (who exhibit similar symptoms 
but have normal copper levels), and N-WD patients and Parkinson’s disease patients (who exhibit similar symptoms 
but have normal copper levels).

Results Our pairwise comparisons revealed distinct metabolomic profiles for male and female WD patients, H-WD 
and N-WD patients, N-WD and Parkinson’s disease patients, and H-WD and liver cirrhosis patients. We then employed 
logistic regression analysis, receiver operating characteristic (ROC) analysis, and model construction to identify can-
didate diagnostic biomarkers that differentiate H-WD from liver cirrhosis and N-WD from Parkinson’s disease. Based 
on the spatial distribution of data obtained via PLS-DA analysis, we discovered variations in hydrophilic metabolites 
(aminoacyl-tRNA biosynthesis; alanine, aspartate, and glutamate metabolism; phenylalanine metabolism; arginine 
biosynthesis; and nicotinate and nicotinamide) and lipophilic metabolites (TG(triglyceride) (16:0_16:1_22:6), TG 
(16:0_16:0_22:6), and TG (16:0_16:1_22:5)) between H-WD and N-WD. Moreover, WD patients display metabolic traits 
that distinguish it from comparable conditions (liver cirrhosis and Parkinson’s disease).

Conclusions Our analysis reveals significant variations in the levels of metabolites in critical metabolic pathways 
and numerous lipids in WD.ROC analysis indicates that three metabolites may be considered as candidate biomarkers 
for diagnosing WD.
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Introduction
Wilson’s disease (WD), also named hepatolenticu-
lar degeneration, is a rare inherited disorder that leads 
to copper accumulation [1]. This disease is caused by 
homozygous mutations or compound heterozygous 
mutations (two different mutant alleles) in the ATP7B 
gene, which encodes a transmembrane copper trans-
port ATPase. Specific mutations of ATP7B that cause 
impaired copper homeostasis and copper overload in the 
liver, brain, and other organs are responsible for this dis-
ease [2].Patients with WD typically experience hepatic 
symptoms, neuropsychiatric symptoms, and symptoms 
in other organs. Misdiagnosis and delayed treatment may 
occur due to the clinical manifestations of WD being 
similar to other common diseases not related to copper 
metabolism, such as hepatitis, liver cirrhosis, and Parkin-
son’s disease [3]. Although liver damage and nervous sys-
tem disorders are common manifestations of WD, some 
patients may only develop liver damageor nervous system 
disorders. The mechanisms underlying the diverse clini-
cal manifestations of WD are not yet fully understood, 
but some studies suggest that lipid oxidation of biologi-
cal membranes, and excessive production of oxygen free 
radicals may be responsible for the cytotoxic effects asso-
ciated with this condition [4].

Copper plays a multifacetedrole in human metabo-
lism, It serves as a cofactor for a variety of key meta-
bolic enzymes that drive a broad range of physiological 
processes [4, 5]. A recent publication in the journal Sci-
ence has shed light on a new form of cell death caused 
by copper accumulation, which has been termed cuprop-
tosis. This novel cell death pathway is regulated by mito-
chondrial ferredoxin 1-mediated protein lipoylation [6]. 
Thus, metabolomic study of Wilson’s disease, a condition 
arising from disrupted copper metabolism, can facilitate 
the detection of metabolite perturbations resulting from 
copper accumulation and enhance comprehension of the 
exact mechanisms underlying this novel pathway of cell 
death.

Diagnosing WD can often prove challenging due to the 
variability of its clinical presentation, which may manifest 
as asymptomatic biochemical abnormalities, acute liver 
failure, or neurological symptoms. Given the absence of 
a singular, highly sensitive and specific diagnostic test, 
an accurate diagnosis requires a comprehensive evalua-
tion utilizing a combination of clinical, biochemical, and 
genetic testing modalities [7]. Metabolomics is a pow-
erful tool for detecting differences between normal and 
diseased metabolism by analyzing metabolites and iden-
tifying those associated with disease. These metabolites 
can be used as biomarkers for diagnosing, classifying, 
treating, and predicting the prognosis of various diseases. 
Metabolomics also enables the study of interactions 

between different metabolic pathways, shedding light on 
the mechanisms and biological processes that underlie 
disease development. By applying metabolomics technol-
ogy, we can gain deeper understanding of the metabolic 
characteristics of WD disease, discover novel biomark-
ers, and offer effective diagnostic recommendations [8].

According to convention, two distinct methodolo-
gies are employed in the field of metabolomics: tar-
geted metabolomics and untargeted metabolomics. 
Targeted metabolomics involves the quantification of 
specific groups of chemically characterized and anno-
tated metabolites, while untargeted metabolomics entails 
the comprehensive analysis of all measurable analytes in 
a sample, including unknown chemicals. [9, 10].

In this study, we utilized untargeted metabolomics 
alongside targeted lipidomic approach to differenti-
ate between the two primary clinical subtypes of WD: 
hepatic WD (H-WD) and neurologic WD(N-WD). Addi-
tionally, we also compared the metabolomic profiles of 
WD patients with the those of individuals afflicted with 
Parkinson’s disease and liver cirrhosis, two kinds of dis-
eases that exhibit similar symptoms but are not caused by 
copper accumulation.

Materials and methods
Patient
There were 34 WD patients (24  N-WD and 10  H-WD), 
11 patients with liver cirrhosis, and 14 patients with Par-
kinson’s disease. All patients were selected from the same 
hospital, and samples were collected from January 2020 
to April 2022.In addition, medical history and severity of 
illness were taken into account in the selection of patients 
for inclusion, excluding those withcomorbidities such 
as cancer, severe heart failure, chronic kidney disease, 
strokeand alcoholic fatty liver disease.This study com-
plies with the provisions of the Helsinki Declaration and 
was approved by the Medical Ethics Committee of West 
China Fourth Hospital (HXSY-EC-2,020,074).

Untargeted metabolomics
A 100 µL sample of blood plasma from each patient was 
added into 100 µL of a mixed internal standard solu-
tion and 400 µL of methanol (− 20℃), vortexed for 60 s, 
centrifuged at 4℃ for 10  min at 12,000  rpm, and then 
the 500 µL supernatant was transferred into a2 mL cen-
trifuge tube. Samples were then concentrated and dried 
using a vacuum. The dry sample was dissolved with 150 
µL of an 80% methanol solution, centrifuged at 4℃ for 
10  min at 12,000  rpm, and the supernatant was col-
lected for liquid chromatography-mass spectroscopy 
(LC-MS) analysis. Chromatographic separation was 
performed using Thermo Vanquish system, which was 
equipped with an ACQUITY UPLC® HSS T3 column 
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(150 × 2.1  mm, 1.8  μm, Waters) at 40 ℃.The tempera-
ture of the autosampler was 8  °C. The analyte was 
Gradient elution with 0.1% formic acid (A2) and 0.1% 
formic acid (B2) or 5 mM of ammonium formate (A3) 
and acetonitrile (B3) at a velocity of 0.25 mL/min. After 
balance, each sample was injected with 2 µL. The lin-
ear gradient of solvent B2/B3 (v/v) increased as follows: 
0–1 min, 2% B2/B3; 1–9 min, 2–50% B2/B3; 9–12 min, 
50–98% B2/B3; 12–13.5 min, 98% B2/B3; 13.5–14 min, 
98–2% B2/B3; 14–20  min, 2% B2-positivemodel (14–
17  min, 2% B3-negative model).The ESI-MS analysis 
were performed using Thermo Q Exactive mass spec-
trometer. Sheath gas and auxiliary gas were set to 30 
and 10 arbitrary units respectively. The capillary tem-
peratures was 325 °C. The analyser scanned over a mass 
range of m/z81-1,000forafull scan at a mass resolution 
of 70,000.MS/MS data-dependent acquisition (DDA) 
experiments were performed with a HCD scan. Anor-
malized collision energyof30Ev was used.

Targeted metabolomics
A 50 µL sample of blood plasma was homogenized with 
1mL of mixture of methanol, MTBE, and an internal 
standard mixture(the mix of samples). The solution was 
mixed for 15 min, 200 µL of water was added, the solu-
tion was mixed again for 1 min, and it was then centri-
fuged at 4℃ for 10 min at 12,000 rpm. Then, 500 µLofthe 
supernatant was concentratedand dried using aspeed 
vacuum concentrator.Anddissolvedried samplewith 200 
µL of the mobile phase B, and then stored at − 80℃. 
Finally,thesolution was added into the sample bottle for 
LC-MS/MS analysis.Thesampleswere analyzed using an 
LC-ESI-MS/MS system (UPLC, ExionLC AD, https:// 
sciex. com. cn/; MS, QTRAP®System, https:// sciex. com/). 
Linear ion trap (LIT) MS and triple quadrupole (TQ) MS 
scans were acquired using a triple TQ-LITmass spec-
trometer (QTRAP® LC-MS/MS System)that had an ESI 
Turbo Ion-Spray interfacethatwas operated in positive 
and negative ion modes, and was controlled by Analyst 
1.6.3 software (Sciex).The analytical conditions were as 
follows, UPLC: column, ThermoAccucore™ C30 (2.6 μm, 
2.1  mm*100 mm i.d.); solvent system, A: acetonitrile/
water(60/40,V/V, 0.1% formic acid, 10 mmol/L ammo-
nium formate), B: acetonitrile/isopropanol (10/90 V/V, 
0.1%formic acid, 10 mmol/L ammonium formate); gra-
dient program, A/B ( 80:20, V/V ) at 0  min, 70:30  V/V 
at2.0  min, 40:60  V/V at 4  min, 15:85  V/V at 9  min, 
10:90  V/V at 14  min, 5:95  V/V at 15.5  min, 5:95  V/Vat 
17.3  min, 80:20  V/V at 17.3  min, 80:20  V/V at 20  min; 
flow rate, 0.35 ml/min; temperature, 45∘C; Injection vol-
ume: 2 µl. The effluent was alternatively connected to an 
ESI-triple quadrupole-linear ion trap(QTRAP)-MS.

Data processing and statistical analysis
For untargeted metabolomics data, converting the 
obtained original data into mzXML format (xcms input 
file format) through Proteowizard(http:// prote owiza 
rd. sourc eforge. net/), using theR package (XCMS) to 
include peaks identification and peaks filtering fil-
tration, peaks alignmen, and the mass to charge ratio 
(m/z), retention time. Peak area (intensity) and other 
data matrix were obtainedfor subsequent analysis. For 
targeted metabolomics data and MS data were pro-
cessed using Analystsoftwareversion1.6.3.TheMultia-
Quant software was used to open the mass spectrum 
file of the sample, and the chromatographic peaks 
were integrated and corrected .All chromatographic 
peak area integral data were derived and saved. Based 
on the untargeted and targeted data, 1300 metabo-
lites (320 hydrophilic metabolites and 980 lipophilic 
metabolites) were retained after elimination of dupli-
cates and quality control. Data were normalized by 
the sum of theintensity of metabolites, auto-scaled, 
and then  log2-transformed for analysis. Missing values 
were detected and replaced by the half of the minimum 
value. Multinomial logistic regression models were 
used to screen for differentially abundant metabolites 
between different groups. The logistic regression model 
was: “Group ~ metabolite level + age + sex”. Partial least-
squares-discriminant analysis (PLS-DA) was used for 
assessment of outliers and supervised clustering. Path-
way enrichment was performed using MetaboAnalyst 
version 5.0 (http:// metab oanal yst. ca). Statistical analy-
ses were performed using R software version 4.1 and 
SPSS software version 23.0.

Results
General metabolic characteristics of three groups
To assess the presence of abnormal samples, we per-
formed partial least squares discriminant analysis 
(PLS-DA) across the three groups. Based on the spatial 
distributions of the data, we did not observe any nota-
bly abnormal samples. Nonetheless the PLS-DA indi-
cated differences in metabolite levels among the WD, 
liver cirrhosis, and Parkinson’s disease groups(Fig. 1A). 
Additionally, the PLS-DA outcomes demonstrated 
substantial variances between genders (Fig.  1B) and 
between the N-WD and H-WD groups (Fig. 1C).

Metabolomics in the N‑WD and H‑WD groups
Overall, 187 metabolites were up-regulated and 107 
metabolites were down-regulated in the H-WD group 
relative to the N-WD group (all p < 0.05).

https://sciex.com.cn/
https://sciex.com.cn/
https://sciex.com/
http://proteowizard.sourceforge.net/
http://proteowizard.sourceforge.net/
http://metaboanalyst.ca
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Hydrophilic metabolites
We analyzed the top15 most altered hydrophilic 
metabolites (Fig.  2A). To identify significantly altered 

pathways, we employed the pathway analysis module in 
MetaboAnalyst, which combines hydrophilic metabo-
lite enrichment with pathway topology, using the Kyoto 

Fig. 1 PLS-DA score scatter plots of metabolomicsdatainthe three diseases groups (A), two gender group (B), and two clinical subtype group (C)

Fig. 2 Differences of metabolomic profiles between N-WD and H-WD. A Top 15 significant altered hydrophilicmetabolites selected by p values. 
B The altered metabolism pathways analyzed by MetaboAnalyst 5.0.Thecolour of each spot was based on the p-value, and the size of each spot 
was based on pathway Hits. C An illustration of our metabolomic results and interconnection of main altered pathways
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Encyclopedia of Genes and Genomes (KEGG) as ref-
erence. The results indicated that the main altered 
pathways were aminoacyl-tRNA biosynthesis; alanine, 
aspartate, and glutamate metabolism; phenylalanine 
metabolism; arginine biosynthesis; and nicotinate and 
nicotinamide metabolism (Fig.  2B). Of these,the ala-
nine, aspartate, and glutamate metabolism pathway and 
the phenylalanine metabolism pathway were signifi-
cantly up-regulated in the H-WD group (Fig. 2C).

Lipophilic metabolites
We also identified the top 15 most altered lipophilic 
metabolites (Fig.  3A). The top three most altered mol-
ecules were TG(16:0_16:1_22:6), TG(16:0_16:0_22:6) 
and TG(16:0_16:1_22:5). Among the significantly altered 
molecules, the H-WD group had increased levels of Cer, 
PE-P, PG, and TG, and decreased levels of CAR, CE, 
CerP, Cho, Eicosanoid, FFA, LPA, LPC, LPC-O, LPE, 
LPE-P, LPG, LPS, MG, PA, PC, and SM (Fig.  3B). The 
major differential lipophilic metabolite was TG (51.85%), 
which was up-regulated in the H-WD group(Fig. 3C).

Metabolomics in the H‑WD and liver cirrhosis groups
Overall, 73 metabolites were up-regulated and 61 metab-
olites were down-in the H-WB group relative to the liver 
cirrhosis group (all p < 0.05).

Hydrophobic metabolites
We analyzed the top 15 most altered hydrophilic metabo-
lites (Fig.  4A). As described above, Metaboanalystindi-
cated the most significantly altered metabolic pathway 
was valine, leucine, and isoleucine biosynthesis, which 

was significantly upregulated in the H-WD group 
(Fig.  4B). Biosynthesis mapping using KEGG showed 
that L-isoleucine, alpha-ketoisovaleric acid, and L-leu-
cine were significantly up-regulated in the H-WD group 
(Fig. 4C).

Lipophilic metabolites
We also analyzed the top 15 most altered lipophilic 
metabolites (Fig.  5A). The top 3 molecules were coen-
zyme Q8, PA(18:1_18:1), and PC(16:1_18:1). Among 
the differentially alteredmolecules, CoQ, LPC, LPC-O, 
LPE, LPS, SPH, and TG were up-regulated, and CE, Cer, 
CerP, Cho, PA, PE, PG, and PIweredown-regulated in the 
H-WD group (Fig.  5B). The major differential lipophilic 
metabolites were PC (27.8%), which was down-regulated 
in the H-WD group, and LPC(20.6%), which was up-reg-
ulated in H-WD group (Fig. 5C).

Metabolomics in the N‑WD and Parkinson’s disease groups
Overall, 116 metabolites were up-regulated and 44 
metabolites were down-regulated in the N-WB group rel-
ative to the Parkinson’s disease group (all p < 0.05).

Hydrophobic metabolites
We identified the top 15 most altered hydrophilic 
metabolites as described above (Fig.  6A). The results 
from Metaboanalystindicatedthe most significantly 
altered metabolic pathways were cysteine and methio-
nine metabolism; glycolysis/gluconeogenesis; glycine, 
serine, and threonine metabolism; and alanine, aspar-
tate, and glutamate metabolism(Fig. 6B). KEGG analy-
sis indicated the altered pathways led to upregulation 

Fig. 3 Differences in lipidomic profiles between N-WD and H-WD. A Top 15 significant altered lipids selected by pvalues. B Differential abundant 
lipids subclasses screened by multinomial logistic regression. C The proportion of differential abundant lipids subclasses
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of 3-phosphoglyceric acid, L-serine, L-cysteine, pyru-
vic acid, and S-adenosylmethionine in the N-WD 
group (Fig. 6C).

Lipophilic metabolites
We identified the top 15 most significantly altered 
lipophilic metabolites (Fig.  7A). The3 most altered 
molecules were SPH (d18:1), PI (16:0–18:0), and 
SPH (d18:2), all of which were up-regulated in the 
N-WDgroup (Fig. 7B). The molecules with the greatest 
changes were PC (24.7%) and PE (14.3%) (Fig. 7C).

Predictive diagnostic model for WD
We then performed receiver operating characteristic 
(ROC) analysis using the 3 metabolites that had the great-
est differences between the H-WD and liver cirrhosis 
group (Fig.  8A–D) and the greatest differences between 
the N-WD and Parkinson’s disease group (Fig.  8E–H). 
In the predictive model of H-WD, the area under the 
curve (AUC) of coenzyme Q8 was 90.8%, the AUC of PA 
(18:1_18:1) was 81.8%, and the AUC of PC (16:1_18:1) 
was 79.1%. In the predictive model of N-WD, the AUC 
of sphinganine was 96.7%, the AUC of guanidoacetic acid 
was 94.1%, and the AUC of 5-aminopentanoic acid was 

Fig. 4 Differences of metabolomic profiles between H-WD and liver cirrhosis. A Top 15 significant altered hydrophilicmetabolites selected by p 
values. B The altered metabolism pathways analyzed by MetaboAnalyst 5.0.Thecolour of each spot was based on the p-value, and the size of each 
spot was based on pathway Hits. C An illustration of our metabolomic results and interconnection of main altered pathways
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Fig. 5 Differences of lipidomic profiles between H-WD and liver cirrhosis. A Top 15 significant altered lipids selected by p values. B Differential 
abundant lipids subclasses screened by multinomial logistic regression. C The proportion of differential abundant lipids subclasses

Fig. 6 Differences of metabolomic profiles between N-WD and parkinson’s disease. A Top 15 significant altered hydrophilic metabolites selected 
by p values. B The altered metabolism pathways analyzed by MetaboAnalyst 5.0. The colour of each spot was based on the p-value, and the size 
of each spot was based on pathway Hits. C An illustration of our metabolomic results and interconnection of main altered pathways
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86.3%. Our results indicate that the two groups of metab-
olites can reliably distinguish H-WD from liver cirrhosis 
and N-WD from Parkinson’s disease.

Discussion
WD is a heritable monogenic disorder characterized by 
abnormal copperaccumulation [4]. Elevated intracel-
lular levels of the copper ionlead to oxidative stress and 

free radical formation and to mitochondrial dysfunc-
tion independent of oxidative stress. The combination of 
these effects leads to celldeath(cuproptosis) in the liver, 
brain, and other organs [10, 11]. We first analyzed the 
metabolic alterations characteristic of WD using PLS-
DA. Our results indicated differences between males 
and females, and between patients with different clinical 
manifestations (H-WD and N-WD). A previous clinical 

Fig. 7 Differences of lipidomic profiles between N-WD and parkinson’s disease. A Top 15 significant altered lipids selected by p values. B Differential 
abundant lipids subclasses screened by multinomial logistic regression. C The proportion of differential abundant lipids subclasses

Fig. 8 A–C Relative concentrations of significantly differential abundant metabolites between H-WD andliver cirrhosis. D Predictive model 
for distinguishing H-WD from liver cirrhosis was established by logistic regression. E–G Relative concentrations of significantly differential abundant 
metabolites between N-WD and parkinson’s disease. H Predictive model for distinguishing N-WD from parkinsons’ disease was established 
by logistic regression
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studies have shown that there are gender differences in 
Wilson disease [12]. Therefore, we controlled for gender 
and performed logistic regression screening to identify 
differences between H-WD and N-WDpatients.Wethen 
compared the metabolomicandlipidomicprofilesof 
H-WD and N-WD.

Our metabolomics results showed the valine, leucine, 
and isoleucine biosynthesis pathways were significantly 
up-regulated in the H-WD group relative to the N-WD 
group. In particular, the glutamine level was significantly 
lower in H-WD group. Glutamine is involved in the syn-
thesis of glutathione (GSH), a key antioxidant, especially 
in the liver [13]. Thus, the lower level of glutamine in the 
H-WD group (which may be due to decreased synthesis 
or increased consumption) may explain the greater liver 
damage in H-WD patients than N-WD patients [14].
The phenylalanine metabolism pathway was significantly 
down-regulated in N-WD relative to H-WD. Among 
the hydrophilic metabolites, the levels of phenylethyl-
amine and L-tyrosine were decreased remarkably in the 
N-WD group. β-phenylethylamineis an endogenous neu-
roactive trace amine that is widespread in the human 
central nervous system, and previous research showed 
that it increased the synaptic levels of dopamine (DA) 
[15]. L-tyrosine is a precursor of DA, and can effectively 
increase catecholaminergic activities, including those 
mediated by DA [16]. Our results and these previous 
studies suggest that the decreased phenylethylamine and 
L-tyrosine may responsible for neurological dysfunction 
in N-WD patients, and may explain the unique neurolog-
ical manifestations in these patients, such as dysarthria, 
dystonia, or Parkinsonism. Our lipidomic results showed 
that TGs were the most altered hydrophobic compounds, 
and most of TGs were up-regulated in the H-WD group 
relative to the N-WD group. High TG levels can lead to 
non-alcoholic fatty liver disease (NAFLD) [17], mito-
chondrial damage [18], and oxidative stress [19]. There-
fore, we speculate that the accumulation of copper ions in 
the liver and the increased level of TGs lead to oxidative 
stress in H-WD. In particular, disruption of the electron 
transport chain could lead to reduced ATP synthesis, and 
ultimately to liver damage.

The clinical manifestations of liver cirrhosis resem-
ble those of H-WD, and the clinical manifestations of 
N-WD resemble those of Parkinson’s disease. We there-
fore performed two pair-wise comparisons to determine 
the metabolic differences of these different groups. A 
metabolomic comparison of the H-WD and liver cir-
rhosis groups showed the metabolic pathways of ami-
noacyl-tRNA biosynthesis, alanine/aspartate/glutamate 
metabolism, phenylalanine metabolism, arginine biosyn-
thesis, and nicotinate/nicotinamide metabolism were sig-
nificantly up-regulated in the H-WD group. In the valine, 

leucine, and isoleucine biosynthetic pathway,L-isoleu-
cine, L-leucine, and α-ketoisovaleric acid had the great-
est differences among hydrophilic metabolites, and these 
metabolites were all significantly increased in the H-WD 
group relative to the liver cirrhosis group. Our analysis 
of the lipidomic profiles indicated the hydrophobic com-
pound with the major difference was PC, which was up-
regulated in the liver cirrhosis group.

Our metabolomic comparison of the N-WD and Par-
kinson’s disease groups indicated the most altered meta-
bolic pathways were cysteine/methionine metabolism, 
glycolysis/gluconeogenesis, glycine/serine/threonine 
metabolism, and alanine/ aspartate/glutamate metabo-
lism. Our comparison of the lipidomic profiles also 
showed that the major altered hydrophobic compound 
was PC, and all differential lipids were up-regulated in 
the N-WD group.

WD is diagnosed based on clinical and laboratory 
examinations, and a low level of ceruloplasmin, increased 
urinary level of copper excretion, increased hepatic level 
of copper, and copper deposition in the cornea (Kayser-
Fleischer ring) are common in patients with WD [20]. 
However, these indicators do not have high diagnostic 
specificity [21]. We therefore used the novel approach 
of metabolomics to distinguish WD from analogous 
diseases(liver cirrhosis and Parkinson’s disease). The 
results of our logistic regression and ROC analysis indi-
cated that 3 metabolites reliably differentiated H-WD 
from liver cirrhosis, and 3 other metabolites reliably dif-
ferentiated N-WD from Parkinson’s disease. The indi-
vidual AUC values of these metabolites ranged from 79.1 
to 90.8% for H-WD,and from 86.3 to 96.7% for N-WD. 
Thus, these metabolites have good predictive value and 
their use in clinical practice may provide important diag-
nostic guidance.

Although our results were statistically and clinically 
significant, three limitations in this study must be men-
tioned. The first is insufficient sample size, although this 
was somewhat unavoidable because of the rarity of WD. 
Secondly, we did not identify a common crucial feature 
shared by these diseases. Comparison of the metabolic 
profiles between different groups may have masked 
important features (metabolites and pathways) which are 
common to both pathologies. In addition, we only ana-
lyzed metabolites and pathways that had the greatest dif-
ferences between groups. Other metabolomic differences 
between groups may also have potential value, a topic 
that needs further study.

Conclusion
Our study of the serum metabolomic profiles of patients 
with WD revealed noteworthy distinctions between 
genders, as well as between patients afflicted with the 
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H-WD and N-WD subtypes. Although the overt clini-
cal symptoms are similar in H-WD and liver cirrhosis 
patients, and in N-WD and Parkinson’s disease patients, 
the metabolic profiles of H-WD and N-WD patients are 
unique. Our identification of metabolites with the most 
significant differences and our pathway analysis led to 
establishment of predictive models for diagnosis of WD. 
These models identified potential diagnostic biomarkers 
for WD that may be useful in the future.

Acknowledgements
We thank Medjaden Inc. for scientific editing of this manuscript.

Authors contributions
YQ contributed to the conception of the study. MS contributed significantly 
to analysis and manuscript preparation. XX performed the data analyses and 
wrote the manuscript. DZ helped perform the analysis with constructive 
discussions. The corresponding author L.X. is responsible for conceptualiza-
tion and investigation. L.X. reviewed and ensured that the descriptions are 
accurate and agreed by all authors.

Funding
This work was supported by the Science and Technology Department of Tibet 
(No.XZ202201ZY0033G).

Data availability
Not applicable.

Declarations

Ethics approval and consent to participate
The experimental protocol was established, according to the ethical guide-
lines of the Helsinki Declaration and was approved by the Human Ethics 
Committee of West China School of Public Health and West China Fourth 
Hospital. Written informed consent was obtained from individual or guardian 
participants.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 West China School of Public Health and West China Fourth Hospital, Sichuan 
University, Chengdu 610041, China. 2 West China-PUMC C.C. Chen Institute 
of Health, Sichuan University, Chengdu 610041, China. 

Received: 2 January 2023   Accepted: 31 August 2023

References
 1. Aggarwal A, Bhatt M. Wilson disease. Curr Opin Neuro. 

2022;33(Electronic):1473–6551.
 2. Członkowska A, Litwin T, Dusek P, Ferenci P, Lutsenko S, Medici V, Ryba-

kowski JK, Weiss KH, Schilsky ML. Wilson disease. Nat Rev Dis Primers. 
2018;4:21. 2056-676X (Electronic)).

 3. El-Youssef M. Wilson disease. Mayo Clin Proc. 2003;78(Print):0025–6196.
 4. Chen L, Min JA-O, Wang FA-O. Copper homeostasis and cuprop-

tosis in health and disease. Signal Transduct Target Ther. 
2022;7(Electronic):2059–3635.

 5. Maung MA-O, Carlson AA-O, Olea-Flores MA-O, Elkhadragy LA-OX, 
Schachtschneider KA-O, Navarro-Tito NA-O, Padilla-Benavides TA-O. The 
molecular and cellular basis of copper dysregulation and its relationship 
with human pathologies. FASEB J. 2021;35(Electronic):1530–6860.

 6. Tsvetkov PA-O, Coy SA-O, Petrova BA-O, Dreishpoon MA-O, Verma AA-OX, 
Abdusamad M, Rossen JA-O, Joesch-Cohen LA-O, Humeidi R, Spangler 
RD, et al. Copper induces cell death by targeting lipoylated TCA cycle 
proteins. Science. 2022;375(Electronic):1095–9203.

 7. Kröner PT, Aby ES, Wijarnpreecha K, Palmer W. Wilson disease-related cir-
rhosis is associated with increased odds of hemolytic anemia. J Evidence-
Based Med. 2022;15(1):15–8.

 8. Johnson CH, Ivanisevic J, Siuzdak G. Metabolomics: beyond 
biomarkers and towards mechanisms. Nat Rev Mol Cell Biol. 
2016;17(Electronic):1471–0080.

 9. Wei YA-O, Jasbi PA-O, Shi XA-O, Turner C, Hrovat J, Liu L, Rabena Y, Porter 
P. Gu HA-O: early breast Cancer detection using untargeted and targeted 
metabolomics. J Proteome Res. 2021;20(Electronic):1535–3907.

 10. Cui L, Lu H, Lee YH. Challenges and emergent solutions for LC-MS/
MS based untargeted metabolomics in diseases. Mass Spectrom Rev. 
2018;37(Electronic):1098–2787.

 11. Zischka H, Lichtmannegger J, Fau - Schmitt S, Schmitt S, Fau - Jägemann 
N, Jägemann N, Fau - Schulz S, Schulz S, Fau - Wartini D, Wartini D, Fau - 
Jennen L, Jennen L, Fau - Rust C, Rust C. Fau - Larochette N, Larochette 
N Fau - Galluzzi L, Galluzzi L Fau - Chajes V et al: liver mitochondrial 
membrane crosslinking and destruction in a rat model of Wilson disease. 
J Clin Invest. 2011;121(Electronic):1558–8238.

 12. Ferenci PA-O, Stremmel W, Członkowska A, Szalay F, Viveiros A, Stät-
termayer AF, Bruha R, Houwen R, Pop TA-O, Stauber R, et al. Age and sex 
but not ATP7B genotype effectively influence the clinical phenotype of 
Wilson Disease. Hepatology. 2019;69(Electronic):1527–3350.

 13. Häussinger D. Glutamine metabolism in the liver: overview and current 
concepts. Metabolism. 1989;38(Print):0026–495.

 14. Hong RW. Rounds Jd Fau - Helton WS, Helton Ws Fau - Robinson MK, Rob-
inson Mk Fau - Wilmore DW, Wilmore DW: glutamine preserves liver glu-
tathione after lethal hepatic injury. Ann Surg. 1992;215(Print):0003–4932.

 15. Ryu IA-O, Kim OH, Kim JS, Sohn SA-O, Choe ES, Lim RN, Kim TW, Seo JW, 
Jang EY. Effects of β-Phenylethylamine on psychomotor, rewarding, and 
reinforcing behaviors and affective state: the role of dopamine D1 recep-
tors. LID – 10.3390/ijms22179485 [doi] LID – 9485. Int J Mol Sci 2021, 
22(1422-0067 (Electronic)):17.

 16. Brodnik ZD, Double M, España RA, Jaskiw GE. L-Tyrosine availability affects 
basal and stimulated catecholamine indices in prefrontal cortex and 
striatum of the rat. Neuropharmacology. 2017;123(Electronic):1873–7064.

 17. Mato JM, Alonso C, Noureddin M, Lu SC. Biomarkers and subtypes of 
deranged lipid metabolism in non-alcoholic fatty liver disease. World J 
Gastroenterol. 2019;25(Electronic):2219–840.

 18. Marra F, Svegliati-Baroni G. Lipotoxicity and the gut-liver axis in NASH 
pathogenesis. J Hepatol 2018, 68(1600 – 0641 (Electronic)):280–95.

 19. Sunny NE, Parks Ej Fau - Browning JD, Browning Jd Fau -, Burgess SC, 
Burgess SC. Excessive hepatic mitochondrial TCA cycle and gluconeo-
genesis in humans with nonalcoholic fatty liver disease. Cell Metab 2011, 
14(1932–7420 (Electronic)):804–810.

 20. Mazi TA, Sarode GV, Czlonkowska A, Litwin T, Kim K, Shibata NM, 
Medici V. Dysregulated choline, methionine, and aromatic amino acid 
metabolism in patients with Wilson Disease: exploratory metabolomic 
profiling and implications for hepatic and neurologic phenotypes. LID – 
10.3390/ijms20235937 [doi] LID – 5937. Int J Mol Sci 2019, 20(1422-0067 
(Electronic)):23.

 21. Roberts EA, Schilsky ML. Diagnosis and treatment of Wilson disease: an 
update. Hepatology. 2008;47(Electronic):1527–3350.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Metabolomic profiling of Wilson disease, an inherited disorder of copper metabolism, and diseases with similar symptoms but normal copper metabolism
	Abstract 
	Background 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Patient
	Untargeted metabolomics
	Targeted metabolomics
	Data processing and statistical analysis

	Results
	General metabolic characteristics of three groups
	Metabolomics in the N-WD and H-WD groups
	Hydrophilic metabolites
	Lipophilic metabolites

	Metabolomics in the H-WD and liver cirrhosis groups
	Hydrophobic metabolites
	Lipophilic metabolites

	Metabolomics in the N-WD and Parkinson’s disease groups
	Hydrophobic metabolites
	Lipophilic metabolites

	Predictive diagnostic model for WD

	Discussion
	Conclusion
	Acknowledgements
	References


