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Purpose: Skin involvement is the second most common symptom of systemic lupus
erythematosus (SLE), and the prevention of skin lesion development might benefit to lessen
the system inflammation burden in SLE. However, the mechanisms of skin lesion in SLE
remain unclear.

Patients and Methods: Metabolome based on gas chromatography-mass spectrometry
(GC-MS) was used for comparison of serum metabolism among 11 SLE patients with skin
lesion (SL), 10 SLE patients without skin lesion (SNL), and 16 healthy controls (HC). The
analysis of metabolism profiles was through LUG database, Human Metabolome Database
(HMDB) as well as Kyoto Encyclopedia of Genes and Genomes (KEGG).

Results: A total of 14 most meaningful metabolites were found in SL patients compared to
SNL patients, and 19 metabolic pathways were enriched. Meanwhile, L-alpha-aminobutyric
acid, dehydroascorbic acid, glycine, and L-tyrosine achieved an area under receiver-
operating characteristic (ROC) curve of 0.8636, 0.8091, 0.7727, and 0.7636, respectively,
indicating their diagnostic potential for SL patients. In addition, the combined model of
L-alpha-aminobutyric acid and dehydroascorbic acid provided better diagnostic accuracy.
Conclusion: The metabolomic features of SLE patients with skin lesion could be detected
by GC/MS assay. Our study tried to provide new insights into the mechanism of SLE skin
injury. Further validation of these findings through larger sample size studies may contribute
to the use of metabolic profile analysis.
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Introduction
Systemic lupus erythematosus (SLE) is a complex and inflammatory autoimmune
disease, resulting in multiple system damage.' Followed by kidney, skin is
the second most common organ affected in SLE patients.” Approximately 72% to
85% of SLE patients have skin manifestation.® It has been reported that nuclear
antigen released by aberrant apoptotic keratinocytes in skin lesion could into the
circulation, cause inflammatory response in different organs, and initiate the sys-
temic disease flares.”* Our previous study also suggested that the severity of skin
inflammation in cutaneous LE was associated with the progress of CLE to SLE.’
These data imply that the prevention of skin lesion development might benefit to
lessen the system inflammation burden in SLE.

Several studies have tried to elucidate the mechanism of skin inflammatory
development in SLE patients. Previous study found that injection of lupus serum
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could cause skin inflammation in wide-type mice, which
could not be observed by IgG-depleted lupus serum,’
indicating that IgG might be involved in the skin lesion
development in SLE. Meanwhile, abnormal plasmacytoid
dendritic cells were found to be accumulated in SLE skin
lesion. Furthermore, cytokines such as TNF, interleukin-1
(IL-1), IL-12 also contributed to the development of skin
lesion in SLE.? In addition to aberrant autoantibodies,
immune cells, and cytokines, the ratio of aryl hydrocarbon
receptor (AhR) in T cells also have been reported to be
associated with skin injury by regulating the balance of
Th17 and Treg cells.” These evidences suggest that the
exact pathogenesis of skin lesion development in SLE are
much more complicated than expected.

Recently, metabolic profiling which can detect and quan-
tify low molecular weight molecules (metabolites) in biolo-
gical fluids has great value in identifying biomarkers in
different diseases, including SLE. Zhang et al® have reported
that serum L-pyroglutamic acid could act as a potential
diagnostic biomarker to distinguish SLE patients from
healthy people. Other studies demonstrated that dysregu-
lated metabolic pathways, such as aminoacyl-tRNA bio-
synthesis, was observed in fecal samples of SLE
patients.”'” In addition, Kalantari et al'' identified different
metabolomics associated with lupus nephritis (LN), which
could be used for non-invasive diagnosis of LN. Whereas,
there is no published studies focusing on the metabolic
changes between SLE patients with and without skin lesion.

In the present study, we investigated the metabolome
of serum samples from SLE patients with or without skin
lesion and healthy controls through gas chromatography-
mass spectrometry (GC-MS). We aimed to identify the
disturbed metabolic features and provide novel insights
into the pathogenesis of skin lesion in SLE patients, as
well as finding potential biomarkers.

Materials and Methods

Sample Collection

Twenty-one SLE patients and 16 gender- and age-matched
healthy controls (HC) were enrolled in. The patients were
recruited from Shanghai General hospital from
January 2020 to December 2020 and all of them are
Chinese Han population. The inclusion criteria included:
(1) patients diagnosed by the 1997 American College of
Rheumatology (ACR) revised criteria'? for classification
of SLE; (2) patients and healthy controls avoided high-fat
and high-protein diet before sampling which aimed to

eliminate the influence of different diets on metabolomic.
The exclusion criteria included: (1) patients with infec-
tions or malignancies; (2) patients and healthy controls
received systemic antibiotics treatment in the 1 month
before enrollment. Of 21 patients, six patients were
newly diagnosed and without any treatment whereas 15
patients were diagnosed before and treated with different
medications. These 15 patients could be divided into three
groups according to different treatment options. Disease
activity was estimated by the SLE disease activity index
(SLEDAI), while active disease was defined as an
SLEDAI score >5. Smoking is an important driver of
cutaneous activity in SLE and would influence the meta-
bolome profile significantly.'®> In the present study, we
confirmed that no patient smoked in each group.
Meanwhile, SLE patients in the present study had no
serious comorbidities, such as cardiovascular disease,
infections and malignancies which could affect metabolic
profile. Erythrocyte sedimentation rate (ESR), comple-
ments, C reactive protein (CRP) and autoantibodies were
recorded at the time of sample collection. Fasting blood
samples were taken in the morning. Then, serum samples
were treated by centrifuging at 2200 rpm for 10 min and
stored at —80°C immediately. This study was approved by
the ethics committee of Shanghai General Hospital and all
patients signed informed consent. This study was con-
ducted in accordance with the Declaration of Helsinki.

Serum Sample Preparation

About 20 puL mixed internal standards (2-chloro-1-phenyla-
lanine, 0.3 mg/mL in methanol) were added into 80 pL
thawed serum sample, shaking for 10 s. Next, 240 pL of ice-
cold methanol and acetonitrile (2:1, v/v) was added. The
sample was vortexed for 30 s and sonicated by ultrasound
for 10 min, and then incubated at —20 °C for 30 min.
Subsequently, the mixture was centrifuged at 13,000 rpm,
4 °C for 10 min. About 150 puL of supernatant was collected
and dried under vacuum at room temperature. A two-step
procedure was performed to derivatize the residue before
GC-MS analysis. First, the sample was redissolved with 80
pL methoxyamine, followed by vortexed and kept at 37°C
for 90 min. Second, the sample was mixed with 20 pL
n-hexane and 50 pL. BSTFA (with 1% TMCS), vortexed
vigorously and derivatized for 1 h at 70 °C. The quality
control samples (QCs) were made by equal amounts of
supernatant from each sample.
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Instrumentation and Analytical

Conditions

The pretreated samples were detected by an Agilent 7890B
gas chromatography system coupled with an Agilent
5977A MSD system (Agilent Technologies Inc, CA,
USA). A DB-5MS fused-silica capillary column (30 m x
0.25 mm x 0.25 pm, Agilent J & W Scientific, Folsom,
CA, USA) was used to separate samples. The processed
sample (1uL) was injected in splitless mode, with pure
helium as the carrier gas (1.0 mL/min). GC was conducted
in the temperature programming mode and injector tem-
perature was 260 °C. The parameters of MS were as
follows: ion source temperature of 230°C, MS quadrupole
temperature of 150°C, collision energy of 70 eV. A full
scan MS data (m/z 50-500) was acquired. The QCs were
used every 10 runs to provide repeatable data.

Metabolomics Profiling

The raw data from GC-MS were processed by the MS-
DIAL software and Analysis Base File Converter soft-
ware. Metabolites were identified via LUG database
(Lumingbio Untargeted database of GC-MS). A three-
dimensional matrix was acquired by removing pseudo
positive peaks and all internal standards. For multivariate
statistical analysis, orthogonal partial least squares-
discriminant analysis (OPLS-DA), as well as partial least
squares-discriminant analysis (PLS-DA) were performed
by SIMCA 12.0 software (Umetrics, Sweden). Metabolic
pathway analysis was carried out through MetaboAnalyst
4.0, Human Metabolome Database (HMDB) and the

Kyoto Encyclopedia of Genes and Genomes (KEGG).

Statistical Analysis

The clinical features were expressed as median (mean) or
median (range). The Shapiro—Wilk test was used to test the
normality of the data distribution. Ordinary one-way
ANOVA was used to compare the age and BMI of three
data sets, while unpaired ¢-test was used for other clinical
features. Differential metabolites were defined as the vari-
able importance in the projection (VIP) threshold (VIP >
1.0) and two-tailed Student’s #-test (p < 0.05). Receiver
operating characteristic (ROC) curve analysis was per-
formed to estimate the diagnostic value of significant
differential metabolites. Unpaired #-test and Mann—
Whitney test were used to analyze the effect of drugs on
metabolites by GraphPad Prism 8.0.

Results

Clinical Features of Participants

Twenty-one SLE patients participated in the study were
divided into two groups: including patients with skin lesion
(SL,n=11) and patients without skin lesion (SNL, n = 10). The
median age of SL patients was 40 years, and 91% of them were
female. Meanwhile, the median age of SNL patients was 39.5
years, with 90% being female. Other manifestations include
renal damage, arthralgia, thrombocytopenia, oral ulcers and
fever. Moreover, no significant differences in ESR, comple-
ments levels, CRP, and autoantibodies were observed between
SL and SNL patients, respectively. In 21 SLE patients, 11
patients (52.4%) were active, and 10 (47.6%) were inactive.
In subgroups, the frequency of active patients was 54.5% in SL
group, while that of SNL patients was 50%. The classifications
of medication treatments were as follows: untreated (n = 6),
hydroxychloroquine alone (n = 4), hydroxychloroquine and
glucocorticoid (n = 6), hydroxychloroquine, glucocorticoid
combined with cyclophosphamide (n = 5). Clinical features
of participants are shown in Table 1. The details of specific
drugs, dose of each patient are listed in Table S1.

Serum Metabolome Profiles Can
Distinguish Different Groups

To identify the metabolome features, a total of 37 serum
samples from SLE patients (n = 21) and HC (n = 16) were
examined by GC-MS. In PLS-DA model, the SLE patients
were clearly distinguished from HC, showing that there
were different metabolites between SLE patients and HC
(Figure 1). Next, OPLS-DA models were constructed to
discriminate different subgroups. The results showed that
clear separations between SL and SNL patients
(Figure 2A), SL patients and HC (Figure 2B), SNL
patients and HC (Figure 2C) were detected by OPLS-
DA, respectively. Based on the S-plot of SL and SNL
patients, we selected L-alpha-aminobutyric acid and dehy-
droascorbic acid for potential use of biomarkers in distin-
guishing these two subgroups (Figure 2D).

Altered-Metabolites in SL Patients, SNL
Patients and HC Were Significantly

Different

We further investigated the different distribution of meta-
bolites among SL patients, SNL patients and HC.
Features with VIP scores >1.0 and p values <0.05 were
considered as the most significant metabolites. When
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Table | Characteristics of the Study Participants

Characteristics SLE HC (N=16)

SL (N=I11) SNL (N=10)

Gender (M/F) 1/10 119 2/14

Age (years) * 40 (36.18) 39.5 (41.40) 38 (33.06)

BMI (kg/m?) * 22.1 (21.53) 22.46 (22.59) 21.28 (20.92)

Disease manifestations

Skin lesions € /11 (100%) 0/10 (0%) -

Renal damage ©

4111 (36.3%)

4/10 (40.0%)

Arthralgia 2/11 (18.2%) 2/10 (20.0%) -
Thrombocytopenia © I/11 (9.0%) 1710 (10.0%) -
Oral ulcers © /11 (9.0%) 0/10 (0%) -
Fever © /11 (9.0%) 1710 (10.0%) -
Disease activity parameters

ESR (mm/h) * 10 (18.09) 14 (20.40) -
CRP (mg/L) * 2 (8.56) 2.15 (8.61) -
C3(gL)? 0.87 (0.84) 0.96 (0.86) -
C4 (glL) * 0.16 (0.15) 0.15 (0.15) -
SLEDAI ® 6 (2,16) 4 (2,15) -

-Active patients ©

6/11 (54.5%)

5/10 (50%)

-Inactive patients ©

5/11 (45.5%)

5/10 (50%)

Autoantibody status

Anti-dsDNA IgG (IU/mL) *

402.5 (475.26)

346.0 (376.89)

Positive anti-ds DNA ¢

6/11 (54.5%)

5/10 (50%)

Positive ANA ©

911 (81.2%)

8/10 (80.0%)

Treatment options

Untreated ©

6/21 (28.6%)

HCQ ¢

4121 (19.0%)

HCQ+G*

621 (28.6%)

HCQ+ G+ CYC*®

5121 (23.8%)

Notes: *Median (mean); ®median (range); “n/N (percentage).

Abbreviations: M, male; F, female; BMI, body mass index; ESR, erythrocyte sedimentation rate; CRP, C reactive protein; C3, complement 3; C4, complement 4; SLEDAI,
systemic lupus erythematosus disease activity index; HCQ, Hydroxychloroquine; G, Glucocorticoid; CYC, Cyclophosphamide.

comparing SL patients with SNL patients, a total of 14
differential metabolites were found (Table 2). Levels of

L-alpha-aminobutyric

L-aspartic, indolelactic acid, L-tyrosine, nicotinic acid,
glucosamine, O-phosphoethanolamine,

acid,

rhamnose

glycine,

were increased in SL group. In addition, levels of dehy-
droascorbic acid, gluconic acid lactone, and putrescine
were decreased in SL group. Moreover, beta-alanine and
L-threonine were decreased in both SL and SNL patients
compared to HC.
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Figure | PLS-DA of serum metabolomics data distinguished total SLE patients (n=
21) from HC (n=16). The red triangles represented total SLE patients while the blue
squares represented HC in the PLS-DA score plots.

Abbreviations: PLS-DA, partial least squares discriminant analysis; SLE, systemic
lupus erythematosus; HC, healthy controls.

Metabolic Pathway Analysis

To identify the distinguished pathways in SL patients, analysis
was performed through KEGG metabolic library. Nineteen
significant pathways with p values <0.05 were detected
(Figure 3A). Glutathione metabolism (p = 0.0003) was the
most altered pathway in SL patients. The other top nine meta-
bolic pathways included four amino-related pathways: ami-
noacyl-tRNA biosynthesis, protein digestion and absorption,

glycine, serine and threonine metabolism, cysteine and
methionine metabolism, and five other important pathways:
central carbon metabolism in cancer, thiamine metabolism,
neuroactive ligand-receptor interaction, nicotinate and nicoti-
namide metabolism, melanogenesis.

The decreased dehydroascorbic acid and putrescine,
and increased glycine were involved in glutathione meta-
bolism. Meanwhile, increased glycine, L-aspartic acid,
L-tyrosine were enriched in aminoacyl-tRNA biosynthesis.

Considering the metabolomics might be different between
active (SLEDAI > 5) and inactive patients (SLEDAI < 4), we
carried out further analysis. The result of OPLS-DA (Figure
S1) showed that metabolomics could distinguish active
patients from inactive patients. Meanwhile, several significant
pathways, such as glycine, serine and threonine metabolism,
cysteine and methionine pathway, as well as taurine and hypo-
taurine metabolism were enriched (Figure 3B).

Several Serum Metabolites Showed
Diagnostic Potential for SLE Patients with

Skin Involvement
To reveal the differential capacity of metabolites in distin-
guishing SL patients from SNL patients, ROC curve
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A 10 ]
g . g . r
= A% 4 = A,
<o — ASL T A ASL
< = SNL a " HC
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o Ak a5
5
o -10
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= o SNL
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Figure 2 OPLS-DA could distinguish different subgroups and S-plot helps to select the potential biomarkers. (A) SL patients (red triangles) compared with SNL patients
(yellow rhombus); (B) SL patients (red triangles) compared with HC (blue squares); (C) SNL patients (yellow rhombus) compared with HC (blue squares); (D) L-alpha-
aminobutyric acid and dehydroascorbic acid were considered as potential biomarkers based on the S-plot.

Abbreviations: OPLS-DA, orthogonal projection latent to structure discriminant analysis; SL patients, SLE patients with skin lesions; SNL, SLE patients without skin lesions.

https:

8l

Clinical, Cosmetic and Investigational Dermatology 2022:15
Dove:


https://www.dovepress.com/get_supplementary_file.php?f=345372.docx
https://www.dovepress.com/get_supplementary_file.php?f=345372.docx
https://www.dovepress.com
https://www.dovepress.com

Xie et al

Dove

Table 2 Serum ldentified Differential Metabolites Between Groups

Metabolites SL vs SNL SL vs HC SNL vs HC

\4 VIP FC \4 VIP FC A\ VIP FC
L-alpha-aminobutyric acid T 391 3.68 - - - - - -
Dehydroascorbic acid l 2.78 0.39 - - - - - -
Gluconic acid lactone l 2.32 043 1 2.13 3.06 1 2.60 7.11
Putrescine l 2.17 0.16 - - - - - -
Acrylic acid 1 1.97 1.78 - - - - - -
Delta-tocopherol l 1.94 0.66 1 1.12 0.53 - - -
Glycine T 1.85 1.50 - - - - - -
L-aspartic acid T 1.81 1.52 - - - - - -
Indolelactic acid T 1.59 1.45 - - - - - -
L-tyrosine 1 1.57 1.41 - - - | 1.21 0.63
Nicotinic acid 1 1.45 1.38 - - - - - -
Glucosamine 1 1.42 1.28 - - - | 1.09 0.69
O-phosphoethanolamine 1 1.39 1.33 - - - - - -
Rhamnose I 1.10 1.19 T 1.86 1.57 - -
Beta-alanine - - - l 1.62 0.47 | 1.62 0.41
L-glutamine - - - 1 2.42 3.39 1 1.68 2.79
L-threonine - - - 1 1.01 0.74 1 1.20 0.63

Notes: 1 Represents upregulation of metabolite; | represents downregulation of metabolite.
Abbreviations: V, variation; VIP, variable importance in the projection; FC, fold change.

In addition to L-alpha-

aminobutyric acid and dehydroascorbic acid, the other

analysis was performed.
top eight significant metabolites ranked by VIP scores
between the SL and SNL group were also analyzed. The
results demonstrated that an area under the ROC curve
(AUC) of four metabolites, L-alpha-aminobutyric acid
(AUC = 0.8636), dehydroascorbic acid (AUC = 0.8091),
glycine (AUC = 0.7727), and L-tyrosine (AUC = 0.7636),
respectively, indicating their good differential performance
(Figure 4A-D). Furthermore, to enhance the differential

A

Glutathione metabolism + .
Aminoacyl-tRNA biosynthesis - .
Protein digestion and absorption 4 .
Central carbon metabolismin cancer - ([ ] Number
Thiamine metabolism - [ ] ® 1
E Neuroactive ligand-receptor interaction 4 . . 2
; Glycine, serine and threonine metabolism - ([ ]
é cotinate and nicofi | [ 2]
& Cysteine and methionine metabolism -
Melanogenesis + Pvalue
Ubiquinone and other terpenoid-quinone biosynthesis - 0.04
Cocaine addiction 4
Amphetamine addiction - e
Alcoholism - 0.02
Pertussis 4 i 0.01
Prolactin signaling pathway -
D-Arginine and D-omithine metabolism -
Dopaminergic synapse -
ABC transporters -
0.05 0.10 0.15
Rich Factor

capacity for SL patients, a combined model was estab-
lished. The combination of L-alpha-aminobutyric acid and
dehydroascorbic acid achieved an AUC of 0.9273, with
specificity of 0.9 and sensitivity of 0.82, showing
increased predictive capacity (Figure 4E).

Effects of Medications on Metabolites

Drugs usually have huge impacts on the metabolite profile,
and some of our patients were under different medication
treatment when collected serum samples (Table 1).

B

Glycine, serine and threonine metabolism - .
ABC transporters { @)
Number
Protein digestion and absorption - Q o 1
[ ]
Central carbon metabolismin cancer - [ ] . 3
N
2 Sulfur metabolism - @
§ Pvalue
£ Neuroactive ligand-receptor interaction - .
[ 0.04
Aminoacyl-tRNA biosynthesis 4 [ ] 0.03
0.02
Cysteine and methionine metabolism @ 0.01
Taurine and hypotaurine metabolism -
Arginine biosynthesis
0.03 0.04 0.05 0.06 0.07
Rich Factor

Figure 3 Pathway enrichment of altered metabolites. (A) Metabolites pathway enrichment between SL and SNL patients showed glutathione metabolism and aminoacyl-
tRNA biosynthesis were significantly disturbed (p<0.01). (B) Pathway enrichment of altered metabolites between active and inactive patients. Circle colors represented
pathway enrichment significance. Circle size indicated the number of metabolites in the specific pathway. The X-axis represented the rich factor, while the Y-axis represented

pathways.
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Figure 4 ROC analysis of potential biomarkers for differentiating SLE patients with or without rashes. (A) L-alpha-aminobutyric acid showed an AUC of 0.8636 (95% ClI:
0.7053-1.000, p = 0.0049). (B) Dehydroascorbic acid presented an AUC of 0.8091 (95% Cl: 0.6216-0.9966, p = 0.0167). (C) Glycine revealed an AUC of 0.7727 (95% Cl:
0.5707-0.9748, p = 0.0346) and the AUC value of L-tyrosine (D) was 0.7636 (95% Cl: 0.5542-0.9731, p =0.0411). (E) The combined model of L-alpha-aminobutyric acid and

dehydroascorbic acid achieved an AUC of 0.9273.
Abbreviation: ROC, receiver operating characteristic.

Therefore, we examined whether L-alpha-aminobutyric
acid and dehydroascorbic acid were influenced by medica-
tions. Different medication groups were compared to each
other. The results showed that hydroxychloroquine, gluco-
corticoid, as well as cyclophosphamide had no effects on
L-alpha-aminobutyric acid (Figure 5A—-C). Likewise,
dehydroascorbic acid (Figure 5D-F) was also not influ-
enced by these medications.

Discussion

As a rapidly emerging science, metabolomes have been
attracting the attention of scientific studies because of
high resolution and sensitivity of spectrometry. Other
metabolomics studies in SLE have revealed discrimina-
tion between SLE and normal controls using the sam-
ples of urine, fecal or blood.® '""'* In the current study,
we demonstrated that serum metabolome profiles based
on GC/MS could distinguish SLE patients with skin

lesion from those without lesion and healthy controls.
We demonstrated that fourteen metabolites were mark-
edly altered in SL patients compared to SNL patients.
Meanwhile, a total of nineteen metabolism pathways
were perturbed. Furthermore, we identified that the
combination of L-alpha-aminobutyric acid and dehy-
droascorbic acid might predict the development of
skin involvement in SLE patients. To our knowledge,
this is the first study focused on changes of metabolo-
mics in SLE patients with skin involvement.
According to published studies, L-threonine, a kind
of amino acid, was reduced in SLE plasma compared
with HCs.'> Moreover, Zhou et al'* revealed that SLE
sera samples were characterized by decreased Beta-
alanine using '"H NMR spectroscopy-based metabolo-
mics. Consistently with their results, the reduced
serum L-threonine and Beta-alanine were detected in

our study indicating our results were solid and stable.
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Figure 5 The effect of different medications on L-alpha-aminobutyric acid and dehydroascorbic acid. Treatment of hydroxychloroquine (A and D), glucocorticoid (B and E)
and cyclophosphamide (C and F) did not provoke considerable variation of L-alpha-aminobutyric acid and dehydroascorbic acid. Statistical significance was performed by

Mann—Whitney test and unpaired t-test.

Abbreviations: ns, not significant; NT, not treated with specific drugs; HCQ, hydroxychloroquine; G, glucocorticoid; CYC, cyclophosphamide.

Dehydroascorbic acid (DHA, VIP =2.78, FC = 0.39) is
the oxidized form of vitamin C.'® Previous study indicated
that vitamin C was involved in immune response by mod-
ulating cytokine secretion and T cell proliferation.
Moreover, Thl-shifting effects of vitamin C had also
been observed.'”?° T cells intake vitamin C mostly in its
oxidized form, DHA.' Our data demonstrated that the
level of DHA in SL patients was lower than SNL patients,
indicating that T cells of SL patients might intake more
serum DHA and maybe shift into Thl. According to pre-
vious studies, Th1 might contribute to the development of
SLE
mechanism of DHA on immune needs further investiga-

skin inflammation.?! Therefore, the regulatory
tion, which may be useful to research new therapeutic
targets for SLE patients with skin injury.

Another significant altered metabolite was L-alpha-
aminobutyric acid (VIP = 3.91, FC = 3.68), which was
involved in cysteine and methionine metabolism, and we
showed it was unregulated in SL patients compared to

SNL patients. The abnormal cysteine and methionine

metabolism was also observed in vitiligo patients com-
pared to HC by Liu et al.*? It was reported that aberrant
homocysteine metabolism may lead to increased oxidative
damage, excessive IL-6 production, and then trigger auto-
immunity and the development of vitiligo.”>** Likewise,
excessive oxidative damage was also a characteristic of
SLE.* Meanwhile, high IL-6 expression was identified in
skin lesion of SLE patients,”® and the increased IL-6
expression might amplify the inflammation in lupus.?’
These findings implied that the enriched cysteine and
methionine metabolism pathways found in our study
might contribute to the skin lesion in SLE patients via
oxidative damage and IL-6 production.

The glutathione metabolism pathway was the most
significant perturbed pathway in SL patients in our study,
indicating skin injury in SLE was related with oxidative
damage furtherly. Consistently, a previous study®® has
identified the dysregulated glutathione metabolism in
SLE. Yan et al'’ also showed that glutamate was related
to SLE skin injury, providing the evidence of oxidant/
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antioxidant imbalance in the pathogenesis of SLE skin
involvement.

Furthermore, nicotinamide metabolism pathway which
is related with DNA repair was enriched in this study.
Previous evidence demonstrated that oxidized DNA
damage was increased in skin lesion of SLE patients, due
to the exposure of ultraviolet light and the less expression
of oxoguanine glycosylase 1 (OGG1).>> Thereby, this
enriched pathway may be results of cumulative DNA
damage in skin, suggesting that organ damage may lead
to the changes of overall metabolism. Glycine, serine and
threonine metabolism and cysteine and methionine path-
way were detected when active and inactive patients were
compared, suggesting these pathways might be involved in
the development of SLE and related with the disease

1°° revealed that taurine meta-

activity. Meanwhile, Li et a
bolism could enhance pDC-mediated type I IFN produc-
tion and was involved in the development of SLE. We also
found that taurine and hypotaurine metabolism pathway
was enriched implying this pathway might be correlated
with disease activity.

Individual and combined metabolites could be potential
good biomarkers for different diseases. It was reported that
the AUC value of combination of 2,2-dimethylsuccinic
acid, beta-alanine and DOPAL was 0.89, exhibited good
predictive ability of SLE.!" Similarly, we found that the
AUC values of individual L-alpha-aminobutyric acid,
dehydroascorbic acid, were 0.8636, 0.8091, respectively.
Furthermore, the combination of L-alpha-aminobutyric
acid and dehydroascorbic acid (AUC = 0.9273) predicted
the skin involvement in SLE patients better.

Metabolites could be influenced by different medica-
tions. Previous studies had revealed that hydroxychloro-
quine could affect lipid metabolism in SLE patients.*'*
However, Zhang et al® found hydroxychloroquine and
glucocorticoid were not correlated with serum metabolite,
L-pyroglutamic. Consistently, in our study, hydroxychlor-
oquine, glucocorticoid and cyclophosphamide had no sig-
effect
dehydroascorbic acid, indicating these metabolites were

nificant on L-alpha-aminobutyric acid and
stable biomarkers.

There are some limitations in this study. Firstly, the
present study was relatively limited by small sample
sizes and studies with larger number of samples are
required. Moreover, in order to validate clinical utility
and specificity of metabolites as biomarkers for SLE
patients with skin lesion, additional control groups with

other inflammatory or autoimmune diseases also need to

be considered. In this study, we identified differential
metabolites and metabolites-related pathways in SLE
patients with or without skin lesion. Meanwhile,
a panel of four candidate biomarkers was proposed and
a combined model might achieve a good predictive per-
formance for SLE patients with skin lesion. These results
open a new avenue to investigate the mechanism of SLE
skin involvement, and might provide potential targets for

treating skin lesion and prevent systemic flare.
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