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Abstract. – OBJECTIVE: The aim of the study 
was to investigate the endogenous metabolites 
of patients with psoriasis vulgaris which will be 
helpful for the diagnosis of the disease and to 
provide the evidence of pathogenesis and the 
formulation for the individualized dosage reg-
imen.  

PATIENTS AND METHODS: This study inves-
tigated the plasma metabolomic profiling be-
tween the psoriasis vulgaris patients (N=12) and 
the healthy volunteers (N=12) using ultra-per-
formance liquid chromatography/quadrupole 
time-of-flight mass spectrometry (UPLC/Q-TOF 
MS) metabolomic techniques. Principal compo-
nent analysis (PCA) and orthogonal partial least 
squares discriminant analysis (OPLS-DA) were 
used to identify and visualize the metabolic data 
clusters.  

RESULTS: A total of 22 differential metabo-
lites contributing to the clusters were identified, 
among which the levels of threonine (p<0.001), 
leucine (p<0.001), phenylalanine (p<0.001), 
tryptophan (p=0.018), palmitamide (p<0.001), 
Linoleic amide (p<0.001), oleamide (p<0.001), 
stearamide (p<0.001), cis-11- eicosenamide (p< 
0.001), trans-13-Docosenamide (p<0.001), uric 
acid (p=0.034), LysoPC (16:0) (p<0.001), LysoPC 
(18:3) (p<0.001), LysoPC (18:2) (p=0.024), Lys-
oPC (18:1) (P=0.012) and LysoPC (18:0) (p=0.002) 
were significantly higher in the plasma of pso-
riasis vulgaris patients compared with the 
healthy controls, whereas oleic acid (p<0.001), 
arachidonic acid (p<0.001) and N-linoleoyl tau-
rine (p<0.001) were significantly lower. These 
biomarkers are related to glucose metabolism, 
lipid metabolism, amino acid metabolism, nucle-
ic acid metabolism and so on. 

CONCLUSIONS: The data suggest that psori-
asis vulgaris patients may have disrupted lipid 
and amino acid metabolism, as well as inflam-

mation and functional lesions in the liver and 
kidney. This study deepens the understanding 
of psoriasis vulgaris pathogenesis and propos-
es novel ideas and methods for auxiliary diag-
nosis and treatment of the disease.

Key Words
Psoriasis vulgaris, Biomarkers, Plasma metabolomic 

profiling, UPLC/Q-TOF MS.

Introduction

Psoriasis is a common and easy to relapse 
chronic inflammatory skin disease affecting 
up to 3% of the world’s population1. The major 
histopathological changes of the disease include 
hyper-proliferation of keratinocytes in the epi-
dermis, dilation and growth of dermal capillary 
vasculature, infiltration of T cells, dendritic cells, 
neutrophils and other inflammatory cells2-4. There 
are four types of clinical psoriasis, namely ar-
thropathic, pustular, erythrodermic and vulgaris, 
among which psoriasis vulgaris is the most com-
mon and is typically characterized by circum-
scribed, scaling and erythematous plaques1,4. The 
duration of psoriasis vulgaris is longer, the lesions 
are extensive and the disease often relapses re-
peatedly. Scales, itching and visible plaques are 
the main problems frustrating the patients and the 
disease is hard to be cured. Therefore, it not only 
bring heavy economic burden to patients, but also 
increase the patients’ mental pressure, which se-
riously affects their quality of life5,6. In addition, 
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psoriasis vulgaris can cause a variety of compli-
cations, such as psoriatic arthritis, cardiovascular 
disease and metabolic syndrome5,7. Hence, it is 
one of the dermal diseases for emphatic study at 
the moment. 

At present, the clinical diagnosis of psoriasis 
vulgaris is mainly based on the clinical manifes-
tations, lesion characteristics and location and his-
topathological changes8. Histopathological analy-
sis of a skin biopsy specimen is currently the most 
common and efficient clinical identification meth-
od. Nonetheless, skin biopsy is invasive and the 
pathological alterations are not significant at early 
stages of psoriasis9. In addition, the specificity 
and sensitivity of routine laboratory examination 
indexes for psoriasis vulgaris are low, the clinical 
value and significance are limited. So there is still 
a lack of specific diagnostic criteria for psoriasis 
vulgaris. The pathogenesis of the disease is un-
certain and the patients are often accompanied 
by a variety of endogenous metabolic disorders. 
Therefore, it is possible to establish specific di-
agnostic criteria for psoriasis vulgaris from the 
perspective of metabolites, and to provide a di-
rection for the further study of the pathogenesis 
of the disease and new long-term, effective and 
safe treatments. 

Metabolomics is a branch of systems biology 
following genomics, transcriptomics and pro-
teomics10, and it studies the metabolic network of 
the body by investigating the metabolite spectrum 
and its dynamic changes of a living organism 
stimulated or disturbed (such as genic mutation 
or pathophysiological status)11,12. It is a sensitive 
and unbiased analytical method13 that focuses on 
the measurement of the relative concentrations 
of endogenous small molecules in biofluids14. 
Commonly used metabolomic methods include 
nuclear magnetic resonance (NMR), gas chro-
matography-mass spectrometry (GC-MS), liquid 
chromatography-mass spectrometry (LC-MS) 
and so on15. Especially, LC/MS is increasingly 
used for analysis of complex samples, such as 
serum or plasma16. Compared with LC-MS me-
tabolomics technique, ultra-performance liquid 
chromatography/quadrupole time-of-flight mass 
spectrometry (UPLC/Q-TOF MS) has been wide-
ly applied to metabolomic studies owing to its 
high sensitivity, high resolution and reliable re-
producibility17,18. 

Because of its unique advantages, metabolo-
mics has developed rapidly since its appearance. 
In recent years, it has been widely used in many 
fields, such as disease diagnosis, drug mechanism 

research and drug development19-21. At present, 
metabolomics has made phased progress in the 
research of tumor22-24, circulatory system25,26, di-
gestive system27,28, urinary system29, and endo-
crine system30,31. There have also been reports on 
the metabolomics study of psoriasis; for example, 
Kamleh et al32 carried out an LC-MS metabolo-
mic study on plasma of psoriasis patients, and 
discovered that psoriasis patients reveal disease 
severity-dependent increases in circulating ami-
no acids. Lu et al33 investigated the metabolic 
profiles of the urine samples of psoriasis patients 
with Blood Stasis Syndrome using LC-MS, and 
their data showed that the psoriasis patients with 
Blood Stasis Syndrome had changes mainly in fat 
metabolism. In Kang et al34 exploration of can-
didate biomarkers for human psoriasis based on 
GC-MS serum metabolomics, it appears that the 
glycolysis pathway and amino acid metabolic ac-
tivity are increased in patients with psoriasis. At 
present, there is no report on plasma metabolomic 
study of psoriasis vulgaris using UPLC/Q-TOF 
MS metabolomic technology.

In this paper, we investigated plasma metab-
olites from patients with psoriasis vulgaris and 
healthy controls using UPLC/Q-TOF MS metab-
olomic technology combined with multivariate 
statistical analysis, to identify potential biomark-
ers for the discrimination of psoriasis vulgaris 
patients from healthy volunteers, and to carry 
out related metabolic pathway analysis. It will be 
helpful for the diagnosis of the disease the further 
investigate the pathogenesis and the formulation 
of the individualized dosage regimen.

Patients and Methods

Patients
Psoriasis vulgaris patients (N = 12) and healthy 

volunteers (N = 12) were recruited at the First Af-
filiated Hospital of Jinan University in Guang-
zhou, China. The age, body mass index (BMI) 
and gender ratio of the healthy volunteers were 
equivalent to those of the patients enrolled. The 
severity of psoriasis vulgaris were evaluated by 
psoriasis area and severity index (PASI) scores 
and body surface area (BSA). The clinical char-
acteristics of the subjects are provided in Table 
I. The study protocol was approved by the Ethics 
Committee of the First Affiliated Hospital of Ji-
nan University, China. All participants signed an 
informed consent before the research. 
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The inclusion criteria of patients were as fol-
lows: 1) In accordance with the diagnosis of pso-
riasis vulgaris in stable phase referring to 2008 
Clinical Guidelines for Psoriasis reported by the 
Chinese Medical Association; 2) age between 18 
and 65 years old; 3) a PASI score between 7 and 
20, and a BSA < 30%. 

The exclusion criteria were: 1) arthropathic, 
pustular, erythrodermic psoriasis, or psoriasis in 
areas such as face, scalp, nails, wrinkle, glans, mu-
cous membrane, or palmoplantar patients; 2) wom-
en in pregnancy, lactation, or planning pregnancy 
within one year; 3) patients with a Self-Rating 
Anxiety Scale (SAS) of > 50 or Self-Rating De-
pression Scale (SDS) of > 53, or patients with other 
mental illness; 4) patients taking part in other drug 
clinical trials or those who have participated in oth-
er clinical trials in the recent one month; 5) patients 
who have been treated with topical drugs such as 
hormone or retinoic acid in the recent 2 weeks or 
with ultraviolet light therapy or system therapy in 
the recent 4 weeks or with biological preparations 
in the recent 12 weeks; 6) patients that have tumors 
or severe primary diseases such as circulatory, re-
spiratory, digestive, urinary, endocrine or hemato-
poietic diseases, or severe infection, water, elec-
trolyte and acid-base balance disorders or calcium 
metabolism imbalance. 

Sample Collection and Preparation
Blood samples were collected into 5 mL ED-

TA-K2 anticoagulant tubes from fasting subjects, 
and plasma was obtained after centrifugation at 
4000 rpm for 15 min at 4°C. The supernatants were 
frozen at -80°C until analysis. For analysis, the 
plasma samples were thawed at room temperature 
for 20 min, and then 600 μL acetonitrile was add-
ed into 200 μL plasma, the mixture was vortexed 
and centrifuged at 12,000 rpm for 10 min at 4°C to 
precipitate the proteins. Next, 750 μL supernatant 

was collected and dried with nitrogen gas at 37°C. 
The dried residue was reconstituted in 100 μL of 
acetonitrile-water (10:90, v/v), after centrifugation 
for 10 min at 12,000 rpm. An aliquot of 5 μL was 
injected for UPLC/Q-TOF MS analysis.

In addition, 100 μL of plasma was extracted 
from each sample of healthy group and thorough-
ly mixed, and then divided into six aliquots as the 
quality control (QC) samples, which was used to 
analyze the reproducibility and stability of the 
present method.

UPLC/Q-TOF MS Analysis
UPLC/Q-TOF MS analysis was performed on 

a Waters ACQUITY UPLC system (Waters Cor-
poration, Milford, MA, USA) coupled to a Waters 
Micromass Q-TOF Mass Spectrometer (Waters 
Corporation, Manchester, UK) both in the posi-
tive and negative ionization modes. The column 
was an ACQUITY UPLC BEH-C18 column (2.1 
mm × 100 mm, i.d. 1.7 µm; Waters Corporation, 
Milford, MA, USA) and the temperature was 
maintained at 40°C. The mobile phases used were 
0.1% formic acid in water (A) and 0.1% formic 
acid in acetonitrile (B). The gradient program was 
optimized as follows: the composition of B was 
5% initially, and it increased to 10% in a linear 
gradient from 0 to 6 min, 10%-38% from 6 to 10 
min, 38%-100% from 10 to 15 min, 100% from 
15 to 18 min, then decreased to 5% in 1 min and 
maintained for 3 min until the next injection, each 
run time was 22 min. The flow rate was 0.4 mL/
min and the injection volume was 5 μL, the au-
tosampler was maintained at 4°C.

For MS analysis, the source temperature was 
set at 120°C with the cone gas flow at 50 L/h, 
and the desolvation gas flow was set to 600 L/h 
at 350°C. The capillary voltage was set at 3.0 
kV in the positive mode and 2.8 kV in the neg-
ative mode, and the cone voltage was set at 30 

Table I. Characteristics of the participants.

ap value obtained by χ2-test of four-fold table.
bp value obtained by independent t-test with the Mann-Whitney U-test.

 Psoriasis vulgaris group Control group p-value
  (N=12) (N=12) 

Gender (male/female) 7/5 5/7 0.684a

Age (mean ± SD, years) 44.42 ± 9.97 41.67 ± 15.74 0.614b

BMI(kg/m2) 22.60±1.39 21.68±1.46 0.127b

Disease duration (mean ± SD, years) 9.08 ± 5.90 ̶ ̶
BSA (mean ± SD, %) 18.60 ± 3.94% ̶ ̶
PASI (mean ± SD) 9.93 ± 2.06 ̶ ̶
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V. The scan time and interscan delay were set to 
0.6 s and 0.1 s, respectively. The MS data were 
collected in centroid mode from m/z 50 to 1000 
and the MS/MS spectra of metabolites were ob-
tained by a collision energy ramp from 10-30 eV. 
All analyses were performed using the lock spray 
to ensure accuracy and reproducibility. A lock-
mass of leucine-enkephalin for positive ESI mode 
(m/z = 556.2771) and negative ESI mode (m/z = 
554.2615) was used via a LockSprayTM interface, 
and the flow rate was set at 5 μL/min. The lock 
spray frequency was set at 5 s and the lock mass 
data were averaged over 10 scans for correction.

Data Processing and Analysis
The raw data were imported to the MarkerLynx 

software version 4.1 (Waters Corporation, Mil-
ford, MA, USA) for deconvolution, alignment 
and normalization to obtain a three-dimensional 
data matrix containing retention time, m/z, and 
ion intensity. MarkerLynx parameters were set 
as follow: a peak width at 5%, height 1 s, a noise 
elimination of 6, and an intensity threshold of 70. 
Data were aligned with a mass tolerance of 0.04 
Da and a retention time window of 0.2 min. Then, 
the data matrix was imported into the SIMCA-P 
12.0 software (Umetrics AB, Umea, Sweden) for 
multivariate statistical analysis. The data variables 
were mean-centered and pareto scaled before anal-
ysis, unsupervised principal component analysis 
(PCA) and supervised orthogonal partial least 
squares-discriminant analysis (OPLS-DA) were 
then performed to acquire clustering information 
and differential metabolites for distinguishing be-
tween the psoriasis vulgaris group and the control 
group. The variables with variable importance in 
the projection (VIP) ≥ 1 in the OPLS-DA model 
were selected as biomarker candidates for further 
statistical analysis using SPSS (Statistical Package 
for the Social Sciences) version 17.0 (SPSS Inc., 
Chicago, IL, USA). A level of p<0.05 was consid-
ered as a threshold for statistical significance and 
subsequent selection as the potential biomarkers. 
The goodness of fit was quantified by R2X and R2Y, 
while the predictive ability was indicated by Q2Y. 
In addition, a cross-validation was performed by a 
200 times permutation test to avoid the over-fitting 
of the supervised models.

Identification of Potential Biomarkers 
According to mass spectra (MS or MS/MS, 

mass error of <10 ppm) and retention time, the 
chemical structure of the potential biomarkers was 
determined by matching with standard metabo-

lites and/or interpreting with available reference 
standard mass spectral databases, such as HMDB 
(http://www.hmdb.ca/), Mass Bank (http://www. 
massbank.jp/), KEGG (http://www.kegg. com/) 
and METLIN (http://metlin. scripps.edu/).

Results

Method Validation
QC samples analysis was conducted by evalu-

ating the repeatability and stability of the present 
method. One QC sample was injected at the start of 
the analytical sequence, followed by the analysis of 
one QC sample after running every 4 plasma sam-
ples. Ten ions were randomly extracted from the 
Base Peak Intensity (BPI) chromatography in the 
positive and negative ion modes and selected for 
method validation. The overlapped performance of 
the spectral peak was evaluated. The relative stan-
dard deviations (RSD) of peak intensity ranged be-
tween 3.12% and 9.45% in the positive ESI mode 
(<10%), and between 2.08% and 8.75% in the neg-
ative ESI mode (<10%). The results revealed that 
the developed method had excellent reproducibility 
and stability for metabonomic analysis.

Plasma Metabolic Profiling
Typical BPI chromatograms of plasma metabol-

ic profiles analyzed using UPLC/Q-TOF MS both 
in positive and negative ion modes are shown in 
Figure 1. As shown in the figure, there were signif-
icant differences in the intensity of chromatographic 
peaks in the positive ion modes at some chemical 
shifts between the psoriasis vulgaris patients and 
the healthy controls (Figure 1A, 1B). The chromato-
graphic peaks in the negative ion modes between the 
psoriasis vulgaris patients and the healthy controls 
attained similar results (Figure 1C, 1D).

Multivariate Statistical Analysis
Pattern recognition analysis via PCA and OPLS-

DA was performed on positive and negative ESI 
data. The PCA and OPLS-DA score plots of psoria-
sis vulgaris patients and healthy controls are shown 
in Figure 2A and Figure 2B (positive ion mode), 
Figure 2D and Figure 2E (negative ion mode). The 
score plot reflects the distribution of various sam-
ples in the coordinate system composed of t[1] and 
t[2], in which each point represents a sample, and 
t[1] and t[2] represent the first two principal com-
ponents, respectively. In PCA score plots (Figure 
2A and Figure 2D), clear separation between the 
patients and the controls could be observed (posi-
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tive ion mode: R2X = 70.6%, Q2 = 60.7%; negative 
ion mode: R2X = 73.0%, Q2 = 51.0%). In OPLS-DA 
score plots (Figure 2B. and Figure 2E), the separa-
tion between the two groups was more significant 
than that of the PCA score plots (positive ion mode: 
R2X = 67.1%, R2Y = 99.8%, Q2 = 99.5%; nega-
tive ion mode: R2X = 76.2%, R2Y = 98.5%, Q2 = 
94.5%). The results suggest that these models have 
good practicability and predictability, and the sep-
aration between the patients and the controls reveal 
fundamental metabolic differences between the 
two groups. The permutation test with a permuta-
tion number of 200 was performed and indicated 
a 2 intercept value of 0.456 and a 2 intercept value 
of -0.060 in the positive ion mode, and a 2 intercept 
value of 0.850 and a 2 intercept value of -0.017 in 
the negative ion mode, indicating that there was no 
over-fitting of the supervised models.

The OPLS-DA S-plots of psoriasis vulgaris pa-
tients and healthy controls are shown in Figure 2C 

(positive ion mode) and Figure 2F (negative ion 
mode). The S plots of metabolites along the axes 
corresponding to the combined weight (w*) and 
reliability correlation [p(corr)] indicates the contri-
bution of individual metabolites to the separation 
between the two groups, with each point in the fig-
ure representing a metabolite. The variables plot-
ted farther away from the origin of the plot have a 
greater contribution to the model classification, and 
are identified as candidates for potential biomarkers. 
Potential biomarkers were eventually selected based 
on VIP values (VIP ≥ 1) and p values (p<0.05).

The structures of the differential variables were 
deduced by searching the databases and/or compar-
ing against the standard samples based on their re-
tention time, accurate m/z of the MS fragments and 
the MS/MS spectrum. A total of 22 different metab-
olites were identified from both the positive and neg-
ative modes and are listed in Table II. As seen from 
the table, threonine (p<0.001), leucine (p<0.001), 

Figure 1. UPLC/Q-TOF MS BPI chromatograms obtained from the plasma samples of healthy control and psoriasis vulgaris 
patient. A, UPLC/Q-TOF MS BPI chromatograms in the positive ion modes obtained from the plasma samples of healthy con-
trol; B, UPLC/Q-TOF MS BPI chromatograms in the positive ion modes obtained from psoriasis vulgaris patient; C, UPLC/Q-
TOF MS BPI chromatograms in the negative ion modes obtained from the plasma samples of healthy control; D, UPLC/Q-TOF 
MS BPI chromatograms in the negative ion modes obtained from psoriasis vulgaris patient.

A

C

B

D
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phenylalanine (p<0.001), tryptophan (p=0.018), 
palmitamide (p<0.001), Linoleic amide (p<0.001), 
oleamide (p<0.001), stearamide (p<0.001), cis-11- 
eicosenamide (p<0.001), trans-13-Docosenam-
ide (p<0.001), uric acid (p= 0.034), LysoPC (16:0) 
(p<0.001), LysoPC (18:3) (p<0.001), LysoPC 
(18:2) (p=0.024), LysoPC(18:1) (p=0.012) and Lys-
oPC(18:0) (p=0.002) were significantly higher in the 

plasma of psoriasis vulgaris patients compared with 
the healthy controls, whereas oleic acid (p<0.001), 
arachidonic acid (p<0.001) and N-linoleoyl taurine 
(p<0.001) were significantly lower. These biomark-
ers are related to glucose metabolism, lipid metab-
olism, amino acid metabolism, nucleic acid me-
tabolism and so on, the metabolic pathways of the 
potential biomarkers are shown in Figure 3.

Figure 2. Score plot from multivariate statistical analysis of the two groups. In Panels A, B, D, and E, red triangles stand for 
healthy individuals and black circles stand for psoriasis vulgaris patient. Data for A-C, are from the positive mode, and data 
for D-F, are from the negative mode. A, and D, are score plots of psoriasis vulgaris patients and healthy controls by PCA, B, 
and E, are score plots of OPLS-DA model, and C, and F, are S-plots by OPLS-DA model. Outlying samples of the ellipse region 
with the 95% confidence interval were excluded by Hotelling’s T2-test, and R2X, R2Y, and Q2Y are quality parameters of the 
models. The supervised model was validated by a permutation test (N=200) (p-values, Ri, and Qi).

A D

B E

C F
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Discussion

In this study, UPLC/Q-TOF MS was used to 
analyze the metabolic profile of psoriasis vulgaris 
patients and healthy controls. The results showed 
that the two groups can be clearly distinguished, 
and there were significant differences in the lev-
els of endogenous metabolites between the two 
groups. 22 potential biomarkers were identified 
by UPLC/Q-TOF MS technique combined with 
multivariate statistical analysis, suggesting that 
related biological metabolic pathways of psoriasis 
vulgaris patients were altered remarkably. Among 
these biomarkers, some are consistent with previ-
ous reports35,36, particularly increased amino acid 
levels and uric acid levels. 

Compared to healthy controls, plasma levels of 
amino acids such as threonine, leucine, phenylala-
nine and tryptophan were significantly increased in 
psoriasis vulgaris patients, indicating dysfunctional 

amino acid metabolism. These amino acids are es-
sential amino acids that the human body cannot syn-
thesize or cannot synthesize efficiently and therefore 
they must be absorbed from diet. As the main site of 
amino acid metabolism in human body35, the liver 
plays a major role in the intake, synthesis and secre-
tion of amino acids. Previous studies35,36 have shown 
that the level of amino acid metabolism directly re-
flects the state of liver cell metabolism. In case of a 
liver injury or disease, the amino acid metabolism 
in the liver cell decreases due to the disorder of liv-
er function, resulting in increased levels of amino 
acids in the plasma. Moreover, the elevated amino 
acids may also be due to keratinocyte hyperprolif-
eration, increased proteolysis due to cachexia32,34, so 
it is very important to identify amino acids as bio-
markers of psoriasis vulgaris.

Other than amino acids, differential metabo-
lites of psoriasis vulgaris identified also included 
lysophosphatidylcholines (LPCs), fatty acids and 

Figure 3. The metabolic pathways of the potential biomarkers.
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fatty acid amides, indicating disorders of lipid 
metabolism. Abnormal lipid metabolism has been 
considered to be an important factor in the etio-
pathogenesis of psoriasis33.

Plasma levels of LPCs in the psoriasis vulgaris 
group were increased compared to the healthy con-
trols. LPCs are known to account for 5-20% of all 
phospholipids in the serum and are formed main-
ly by hydrolysis of phosphatidylcholines (PC)37,38, 
which have combinations of fatty acids of vary-
ing lengths and saturation attached at the glycerol 
molecular skeleton C-1 position13. LPCs are fun-
damental components of cellular membranes and 
play key roles in the progress of atherosclerosis and 
inflammatory diseases generated by pathological 
activities16,38,39. They are also an inflammatory fac-
tor40, and are capable of aggregating mononuclear 
cells and promoting production of inflammatory 
cytokines in macrophages41 at millimolar concen-
trations. Psoriasis vulgaris is a disease character-
ized by substantial inflammatory cell infiltration 
and excessive keratinocyte proliferation, so the in-
creased of LPCs may be clinically relevant to the 
occurrence and progression of psoriasis vulgaris.

Fatty acids are a category of metabolites that have 
been found to be down-regulated in psoriasis vul-
garis patients. Among them, arachidonic acid (AA) 
is a highly unsaturated fatty acid, and it is not only 
an abundant component of cell membranes (incorpo-
rated into phospholipids) but also the direct precur-
sor of many circulating eicosanoids derivatives. It is 
mainly catalyzed by cyclooxygenase or lipoxygen-
ase pathway42,43, and its derivative products such as 
prostaglandins (PGs), thromboxanes (TXs) and leu-
kotrienes (LTs) are closely related to pathological pro-
cesses such as inflammation and immune respons-
es33,44. Oleic acid can be converted to arachidonic acid 
in the human body, so it can be speculated that the 
downregulation of oleic acid and arachidonic acid 
may be relevant to up-expression of cyclooxygenase 
or lipoxygenase in psoriasis vulgaris patients. The 
levels of fatty acid amides were increased in patients; 
fatty acid amides are mainly divided into two cate-
gories including fatty acid ethanolamides and fatty 
acid primary amides45. They serve as endogenous lip-
id signaling molecules and play an important role in 
cell signal transduction pathways involving anxiety, 
inflammation and appetite16,45.

Uric acid is another metabolite whose plasma 
level was up-regulated in psoriasis vulgaris patients. 
Mainly excreted by the kidney, uric acid is the final 
product of purine metabolism in human body37. Re-
nal disease likely leads to a reduction in uric acid 
excretion, thereby increasing the level of uric acid in 

the plasma, so increased plasma levels of uric acid 
may serve as a biomarker for kidney damage46. In 
addition, it is reported that elevated uric acid levels 
are closely related to diseases such as endothelial 
dysfunction, subclinical atherosclerosis, and inflam-
mation37,47 . Therefore uric acid is an important bio-
marker for psoriasis vulgaris. At last, the plasma lev-
els of N-linoleoyl taurine in patients was decreased, 
but due to the lack of literature reports, the relation-
ship between N-linoleoyl taurine and psoriasis vul-
garis still needs to be investigated.

Our results also proved that UPLC/Q-TOF MS-
based metabonomic approach is a powerful tool 
for the identification of potential metabolite bio-
markers for auxiliary diagnosis and clinical appli-
cations. Changes in the levels of these differential 
metabolites may provide more biochemical infor-
mation about the occurrence and development of 
psoriasis vulgaris, and deepen the understanding 
of the pathogenesis of the disease. It offers a dif-
ferent perspective in psoriasis vulgaris research, 
which is of great significance to the comprehensive 
prevention and treatment of the disease.

Conclusions

We suggest that psoriasis vulgaris patients may 
have disrupted lipid and amino acid metabolism, 
inflammation and functional lesions in the liver 
and kidney. The study is based on the evidence of 
psoriasis vulgaris pathogenesis, and confers nov-
el ideas and methods for auxiliary diagnosis and 
treatment of the disease.

Acknowledgements
This work was supported by Science and Technology Planning 
Project of Guangdong Province, China (2014A020221063), 
Natural Science Foundation of Guangdong Province, China 
(2017A030310020) and Scientific Research Cultivation Foun-
dation of The First Clinical Medical College of Jinan Univer-
sity, China (2016102).

Conflict of Interests
The authors declare no conflict of interest.

References

  1) Gupta R, Debbaneh MG, Liao W. Genetic epidemi-
ology of psoriasis. Curr Dermatol Rep 2014; 3: 
61-78.

  2) KiM J, KRueGeR JG. The immunopathogenesis of 
psoriasis. Dermatol Clin 2015; 33: 13-23.



Identification of psoriasis vulgaris biomarkers in human plasma

3949

  3) CoLoMbo e, GaLLeRi G, eRRe GL, piRas C, bionDi G, 
taRas L, ZineLLu a, ManGoni aa, Manetti R, Montesu 
M, passiu G. Peripheral blood CD8+ T-cell profiles 
in patients with psoriatic arthritis: a cross-section-
al case-control study. Eur Rev Med Pharmacol 
Sci 2017; 21: 5166-5171.

  4) GRiffiths Ce, baRKeR Jn. Pathogenesis and clin-
ical features of psoriasis. Lancet 2007; 370: 
263-271.

  5) KiMbaLL ab, GieLeR u, LinDeR D, saMpoGna f, WaRRen 
Rb, auGustin M. Psoriasis: is the impairment to 
a patient's life cumulative? J Eur Acad Dermatol 
Venereol 2010; 24: 989-1004.

  6) De aRRuDa Lh, De MoRaes ap. The impact of pso-
riasis on quality of life. Br J Dermatol 2001; 144 
Suppl 58: 33-36.

  7) LebWohL M, tyRinG s, buKhaLo M, aLonso-LLaMaZ-
aRes J, oLesen M, LoWson D, yaMauChi p. Fixed 
combination aerosol foam calcipotriene 0.005% 
(Cal) plus betamethasone dipropionate 0.064% 
(BD) is more efficacious than Cal or BD aerosol 
foam alone for psoriasis vulgaris: a randomized, 
double-blind, multicenter, three-arm, phase 2 
study. J Clin Aesthet Dermatol 2016; 9: 34-41.

  8) MChuGh nJ, baLaChRishnan C, Jones sM. Progres-
sion of peripheral joint disease in psoriatic ar-
thritis: a 5-yr prospective study. Rheumatology 
(Oxford) 2003; 42: 778-783.

  9) JianG s, hinChLiffe te, Wu t. Biomarkers of an 
autoimmune skin disease--psoriasis. Genomics 
Proteomics Bioinformatics 2015; 13: 224-233.

 10) Guan Q, LianG s, WanG Z, yanG y, WanG s. ¹H 
NMR-based metabonomic analysis of the effect 
of optimized rhubarb aglycone on the plasma and 
urine metabolic fingerprints of focal cerebral isch-
emia-reperfusion rats. J Ethnopharmacol 2014; 
154: 65-75.

 11) NiChoLson JK, LinDon JC, hoLMes e. 'Metabonomics': 
understanding the metabolic responses of living 
systems to pathophysiological stimuli via multivar-
iate statistical analysis of biological NMR spectro-
scopic data. Xenobiotica 1999; 29: 1181-1189.

 12) niChoLson JK, ConneLLy J, LinDon JC, hoLMes e. Me-
tabonomics: a platform for studying drug toxicity 
and gene function. Nat Rev Drug Discov 2002; 1: 
153-161.

 13) WanG C, fenG R, Li y, ZhanG y, KanG Z, ZhanG W, 
sun DJ. The metabolomic profiling of serum in 
rats exposed to arsenic using UPLC/Q-TOF MS. 
Toxicol Lett 2014; 229: 474-481.

 14) KiM Jy, paRK Jy, KiM oy, haM bM, KiM hJ, KWon 
Dy, JanG y, Lee Jh. Metabolic profiling of plasma 
in overweight/obese and lean men using ultra 
performance liquid chromatography and Q-TOF 
mass spectrometry (UPLC-Q-TOF MS). J Pro-
teome Res 2010; 9: 4368-4375.

 15) bLoW n. Metabolomics: biochemistry's new look. 
Nature 2008; 455: 697-700.

 16) Li y, sonG X, Zhao X, Zou L, Xu G. Serum metabolic 
profiling study of lung cancer using ultra high per-
formance liquid chromatography/quadrupole time-

of-flight mass spectrometry. J Chromatogr B Analyt 
Technol Biomed Life Sci 2014; 966: 147-153.

 17) DonG f, DenG D, Chen h, ChenG W, Li Q, Luo R, 
DinG s. Serum metabonomics study of polycystic 
ovary syndrome based on UPLC-QTOF-MS cou-
pled with a pattern recognition approach. Anal 
Bioanal Chem 2015; 407: 4683-4695.

 18) Zhao yy, ChenG XL, Wei f, Xiao Xy, sun WJ, ZhanG 
y, Lin RC. Serum metabonomics study of ade-
nine-induced chronic renal failure in rats by ultra 
performance liquid chromatography coupled with 
quadrupole time-of-flight mass spectrometry. Bio-
markers 2012; 17: 48-55.

 19) Liu t, Li J, Xu f, WanG M, DinG s, Xu h, DonG f. 
Comprehensive analysis of serum metabolites in 
gestational diabetes mellitus by UPLC/Q-TOF-
MS. Anal Bioanal Chem 2016; 408: 1125-1135.

 20) GiKa hG, theoDoRiDis Ga, pLuMb Rs, WiLson iD. 
Current practice of liquid chromatography-mass 
spectrometry in metabolomics and metabonom-
ics. J Pharm Biomed Anal 2014; 87: 12-25.

 21) haouLa Z, Ravipati s, steKeL DJ, oRtoRi Ca, hoDGMan 
C, DayKin C, Raine-fenninG n, baRRett Da, atioMo 
W. Lipidomic analysis of plasma samples from 
women with polycystic ovary syndrome. Metabo-
lomics 2015; 11: 657-666.

 22) ZhanG y, Ren h, JianG y, Gao yf, Liu sy. Urinary 
metabolomics of stomach cancer assessed by 
rapid resolution liquid chromatography/time-of-
fight mass spectrometry. Chin Med J (Engl) 2013; 
126: 1930-1933.

 23) Wu M, Xu y, fitCh WL, ZhenG M, MeRRitt Re, shRaGeR 
Jb, ZhanG W, DiLL DL, peLtZ G, hoanG CD. Liquid 
chromatography/mass spectrometry methods for 
measuring dipeptide abundance in non-small-cell 
lung cancer. Rapid Commun Mass Spectrom 
2013; 27: 2091-2098.

 24) Qiu y, Zhou b, su M, baXteR s, ZhenG X, Zhao X, yen 
y, Jia W. Mass spectrometry-based quantitative me-
tabolomics revealed a distinct lipid profile in breast 
cancer patients. Int J Mol Sci 2013; 14: 8047-8061.

 25) bRinDLe Jt, antti h, hoLMes e, tRanteR G, niChoLson 
JK, betheLL hW, CLaRKe s, sChofieLD pM, MCKiLLiGin 
e, MoseDaLe De, GRainGeR DJ. Rapid and nonin-
vasive diagnosis of the presence and severity 
of coronary heart disease using 1H-NMR-based 
metabonomics. Nat Med 2002; 8: 1439-1444.

 26) sabatine Ms, Liu e, MoRRoW Da, heLLeR e, MCCaRRoLL R, 
WieGanD R, beRRiZ Gf, Roth fp, GeRsZten Re. Metabolo-
mic identification of novel biomarkers of myocardial 
ischemia. Circulation 2005; 112: 3868-3875.

 27) yanG J, Xu G, ZhenG y, KonG h, panG t, Lv s, yanG Q. 
Diagnosis of liver cancer using HPLC-based meta-
bonomics avoiding false-positive result from hepa-
titis and hepatocirrhosis diseases. J Chromatogr B 
Analyt Technol Biomed Life Sci 2004; 813: 59-65.

 28) yin p, Zhao X, Li Q, WanG J, Li J, Xu G. Metabo-
nomics study of intestinal fistulas based on ultra-
performance liquid chromatography coupled with 
Q-TOF mass spectrometry (UPLC/Q-TOF MS). J 
Proteome Res 2006; 5: 2135-2143.



S.-S. Li, Y. Liu, H. Li, L.-P. Wang, L.-F. Xue, G.-S. Yin, X.-S. Wu

3950

 29) psihoGios nG, KaLaitZiDis RG, DiMou s, sefeRiaDis Ki, 
siaMopouLos KC, baiRaKtaRi et. Evaluation of tubu-
lointerstitial lesions' severity in patients with glo-
merulonephritides: an NMR-based metabonomic 
study. J Proteome Res 2007; 6: 3760-3770.

 30) yanG J, Xu G, honG Q, LiebiCh hM, LutZ K, 
sChMuLLinG RM, WahL hG. Discrimination of Type 
2 diabetic patients from healthy controls by using 
metabonomics method based on their serum fat-
ty acid profiles. J Chromatogr B Analyt Technol 
Biomed Life Sci 2004; 813: 53-58.

 31) WanG C, KonG h, Guan y, yanG J, Gu J, yanG s, Xu 
G. Plasma phospholipid metabolic profiling and 
biomarkers of type 2 diabetes mellitus based on 
high-performance liquid chromatography/electro-
spray mass spectrometry and multivariate statis-
tical analysis. Anal Chem 2005; 77: 4108-4116.

 32) KaMLeh Ma, snoWDen sG, GRapov D, bLaCKbuRn GJ, 
Watson DG, Xu n, stahLe M, WheeLoCK Ce. LC-MS 
metabolomics of psoriasis patients reveals dis-
ease severity-dependent increases in circulating 
amino acids that are ameliorated by anti-TNFalpha 
treatment. J Proteome Res 2015; 14: 557-566.

 33) Lu C, DenG J, Li L, WanG D, Li G. Application 
of metabolomics on diagnosis and treatment 
of patients with psoriasis in traditional Chinese 
medicine. Biochim Biophys Acta 2014; 1844: 
280-288.

 34) KanG h, Li X, Zhou Q, Quan C, Xue f, ZhenG J, yu 
y. Exploration of candidate biomarkers for human 
psoriasis based on gas chromatography-mass 
spectrometry serum metabolomics. Br J Derma-
tol 2017; 176: 713-722.

 35) Rosen hM, yoshiMuRa n, hoDGMan JM, fisCheR Je. 
Plasma amino acid patterns in hepatic enceph-
alopathy of differing etiology. Gastroenterology 
1977; 72: 483-487.

 36) MoRGan My, MaRshaLL aW, MiLsoM Jp, sheRLoCK s. 
Plasma amino-acid patterns in liver disease. Gut 
1982; 23: 362-370.

 37) KiM MJ, yanG hJ, KiM Jh, ahn CW, Lee Jh, KiM Ks, 
KWon Dy. Obesity-related metabolomic analysis 

of human subjects in black soybean peptide in-
tervention study by ultraperformance liquid chro-
matography and quadrupole-time-of-flight mass 
spectrometry. J Obes 2013; 2013: 874981.

 38) Liu yt, penG Jb, Jia hM, Cai Dy, ZhanG hW, yu Cy, 
Zou ZM. UPLC-Q/TOF MS standardized Chinese 
formula Xin-Ke-Shu for the treatment of athero-
sclerosis in a rabbit model. Phytomedicine 2014; 
21: 1364-1372.

 39) fuKushiMa n, ishii i, Contos JJ, WeineR Ja, Chun J. 
Lysophospholipid receptors. Annu Rev Pharma-
col Toxicol 2001; 41: 507-534.

 40) RaDu CG, yanG Lv, RieDinGeR M, au M, Witte on. 
T cell chemotaxis to lysophosphatidylcholine 
through the G2A receptor. Proc Natl Acad Sci U 
S A 2004; 101: 245-250.

 41) oLofsson Ke, anDeRsson L, niLsson J, bJoRKbaCKa h. 
Nanomolar concentrations of lysophosphatidylcho-
line recruit monocytes and induce pro-inflammatory 
cytokine production in macrophages. Biochem Bio-
phys Res Commun 2008; 370: 348-352.

 42) Das UN. Essential Fatty acids – a review. Curr 
Pharm Biotechnol 2006; 7: 467-482.

 43) GaChet Ms, Rhyn p, bosCh oG, QueDnoW bb, GeRtsCh 
J. A quantitiative LC-MS/MS method for the mea-
surement of arachidonic acid, prostanoids, endo-
cannabinoids, N-acylethanolamines and steroids 
in human plasma. J Chromatogr B Analyt Technol 
Biomed Life Sci 2015; 976-977: 6-18.

 44) saMueLsson b. Arachidonic acid metabolism: role in 
inflammation. Z Rheumatol 1991; 50 Suppl 1: 3-6.

 45) eZZiLi C, otRubova K, boGeR DL. Fatty acid amide 
signaling molecules. Bioorg Med Chem Lett 2010; 
20: 5959-5968.

 46) obeRMayR Rp, teMML C, GutJahR G, KneChteLsDoRfeR 
M, obeRbaueR R, KLauseR-bRaun R. Elevated uric 
acid increases the risk for kidney disease. J Am 
Soc Nephrol 2008; 19: 2407-2413.

 47) KaneLLis J, KanG Dh. Uric acid as a mediator of en-
dothelial dysfunction, inflammation, and vascular 
disease. Semin Nephrol 2005; 25: 39-42. 


