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ABSTRACT

Oral lichen planus (OLP) is a chronic inflammatory disease. Among all the clinical forms in OLP, reticular type has
the highest incidence rate. Previous studies have applied metabolomics to investigate the metabolic changes of
oral mucosa and blood samples from reticular OLP patients. Urinary metabolomic signatures is also useful in
analyzing the pathological changes of the patients, which was a complement to the previous studies. Through
these researches, we may have a more comprehensive understanding of the disease. Metabolic profiles of urinary
samples from OLP patients and control subjects were analyzed by liquid chromatography (LC)-mass spectrometry
(MS) system. Differentially expressed metabolites were identified via OSI/SMMS software for the pathology
analysis. Totally, 30 differentially expressed metabolites were identified. Pathological network showed that these
metabolites participated in 8 pathological processes, that is, DNA damage and repair disorder, apoptosis process,
inflammatory lesion, oxidative stress injury, carbohydrate metabolism disorder, mood dysfunction, abnormal
energy expenditure, and other pathological process. These findings demonstrated that the analysis of human urine

metabolome might be conducive to the achievement of the objectives of this study.

1. Introduction

Oral lichen planus (OLP) is a chronic inflammatory disease [1, 2, 3].
In addition to the local damage to the oral mucosa [4], the disease may be
also associated with the pathological changes in other parts of the body
[1, 2]. The morbidity rate of OLP is between 0.5% and 3%, 0.5-12.5% of
which can encounter malignant transformation [1]. Women are the main
affected population of the disease, whose incidence rate is more than
twice as men in the age range between 30 and 60 years [5]. In clinical
practice, OLP is classified into 6 clinical forms (reticular, erosive,
papular, plaque-like, atrophic, and bullous). Among them, reticular type
has the highest incidence rate, researches on which may benefit more
patients.

Previous studies have used metabolomics to analyze the biochemical
changes in the oral lesion tissues and the blood system of reticular OLP
patients [1, 4]. In addition to oral tissues and blood samples, urine
samples can also be used for oral disease research [3]. Through the study
of these three biological samples, it is possible to have a more compre-
hensive understanding of the pathogenesis of the disease. Thus, this
experiment would be a complement to the previous studies and applied
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metabolomics to investigate the metabolic changes of urine samples from
reticular OLP patients.

2. Methods
2.1. Chemicals and reagents

Acetonitrile, formic acid, methanol, and deionized water were pur-
chased from CNW Technologies GmbH (Diisseldorf, Germany). L-2-
Chlorophenylalanine was from Shanghai Hengchuang Bio-technology
Co., Ltd. (Shanghai, PR China). All chemicals and reagents were analyt-
ical or HPLC grade.

2.2. Samples collection and preparation

All subjects provided the signed informed-consent documents. The
research protocol was reviewed by the Ethical Committees of First
Affiliated Hospital of Heilongjiang University of Chinese Medicine (date
of  permission:  December 29, 2014, permission  No.
HZYLLKY201400601) and was executed in agreement with the
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principles outlined in the Declaration of Helsinki. Urinary samples were
collected from 16 reticular OLP patients and 24 control subjects between
January 1, 2016 and June 30, 2016 at the First Affiliated Hospital of
Heilongjiang University of Chinese Medicine, PR China [1, 4]. The
reticular OLP patients consisted of 10 female and 6 male and their age
ranged from 20 to 54 years. The control subjects consisted of 15 female
and 9 male and their age ranged from 18 to 48 years. Reticular OLP
patients were diagnosed in according with the clinical and pathological
criteria (Figure 1) [6]. The subjects did not have other diseases, such as
diabetes, hypertension, kidney disease, cardiovascular diseases, and
other intraoral inflammation, etc. All subjects were kept on a normal diet
and did not experience any treatment prior to admission, and the samples
were taken at their initial visit.

150 pl of urine sample was centrifuged at 13,000 rpm, 4 °C for 10
min. 100 pl of supernatant and 10 pl of internal standard (L-2-chlor-
ophenylalanine in methanol, 0.3 mg/ml) were added to a centrifuge tube
and vortexed for 10 s. Afterwards, 100 pl of ice-cold mixture methanol-
acetonitrile (2:1, v/v) was added, and the mixture was vortexed for 1
min, ultrasound-extracted in an ice-bath for 10 min, stored at -20 °C for
30 min. The extraction was centrifuged at 13,000 rpm, 4 °C for 15 min.
160 pl of supernatant from each tube was filtered through a sterile
microfilter (0.22 pm) and transferred to the vial. The vial was stored at
-80 °C until liquid chromatography (LC)-mass spectrometry (MS) anal-
ysis. Quality control (QC) samples were prepared by mixing equal vol-
ume of all samples.

2.3. LC-MS analysis

LC analysis was undertaken on an Ultimate 3000 RS UHPLC system
(Thermo Fisher Scientific). A 5pl aliquot of prepared sample was inserted
into an Acquity UPLC BEH C;g column (1.7 pm, 2.1 x 100 mm, Waters
Corp). The column temperature was 45 °C, and the sample temperature
was kept at 4 °C. The mobile phases consisted of (A) water (containing
0.1 % formic acid, v/v) and (B) acetonitrile (containing 0.1 % formic
acid, v/v). The LC separation was achieved under the following gradient
conditions: 0-1 min holding at 1 % B, 1-20 % B over 1-6.5 min, 20-30 %
B over 6.5-8.5 min, 30-35 % B over 8.5-13 min, 35-70 % B over 13-14
min, 70-99 % B over 14-16.5 min, 16.5-17.5 min holding at 99 % B,
then 17.5-18.5 min, 99 %-1 % B, and 18.5-19.5 min holding at 1 % B.
The flow rate was 0.4 ml/min.

MS analysis was conducted on a quadrupole-Orbitrap mass spec-
trometer (Q-Exactive, Thermo Fisher Scientific) equipped with a heated
electrospray ionization source working in both positive and negative ion
modes. The mass range was from m/z 66.7 to 1,000.5. The resolution was
set at 70,000 for the full MS scans and 35,000 for HCD MS/MS scans. The
Collision energy was set at 10, 20, and 40 eV. The mass spectrometer
operated as follows: spray voltage, 3,000 V (positive) and 2,500 V
(negative); sheath gas flow rate, 45 arbitrary units; auxiliary gas flow
rate, 15 arbitrary units; capillary temperature, 350 °C.

To guarantee the stability and reproducibility of the LC-MS analysis, a
QC sample, pooled with equal aliquots of each individual sample, was
inserted after every 10 samples throughout the study.
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2.4. Multivariate data analysis

The data processing step was achieved using the XCMS software
(1.50.1 version), which generated a matrix of features consisted of
chromatographic, retention time, exact mass, and ion intensity. Subse-
quently, the processed data from both modes was united to be a combine
data set and imputed into the SIMCA software package (version 14.0).
Principle component analysis (PCA) and orthogonal partial least-squares-
discriminant analysis (OPLS-DA) were performed by SIMCA software
package. PCA was carried out to preliminarily find out their metabolic
distinction. Then OPLS-DA was applied to sharpen an established sepa-
ration between both groups of observations plotted in PCA, and improve
differentially expressed metabolites discovery efforts. Variable impor-
tance in the projection (VIP) ranks the overall contribution of each var-
iable to the OPLS-DA model. Student's t-test was applied for the statistical
analysis and carried out with the R Language (version 3.3.1). Differen-
tially expressed metabolites were selected according to their variable VIP
statistics (VIP>2) and predefined P-value thresholds (p < 0.05).

2.5. Differentially expressed metabolites identification and pathological
network construction

Based on the precursor ion and MS/MS information matching,
differentially expressed metabolites identification was carried out by
OSI/SMMS software (Dalian Institute of Chemical Physics, Chinese
Academy of Sciences and Dalian ChemData Solution Information Tech-
nology Co., Ltd, PR China). Reference material database (Dalian Institute
of Chemical Physics, Chinese Academy of Sciences and Dalian ChemData
Solution Information Technology Co., Ltd, PR China), HMDB and,
METLIN were used as the database source. Pathological network was
constructed by Cytoscape software (version 3.6.0).

3. Results

3.1. Metabolomics analysis and differentially expressed metabolites
identification

Through metabolomics analysis, 6391 metabolite ions (2830 in pos-
itive ion mode, 3561 in negative ion mode) were detected in urinary
samples. All ions were normalized to the total peak area of each sample to
get a minimum relative standard deviation (RSD). 93.22 % of ions (2638)
in positive ion mode and 98.29 % (3500) in negative ion mode displayed
less than 30 % of RSD, which showed the good reproducibility of the
metabolomics method and were used for the further data processing.

Clustering of the QC samples was investigated by PCA to reveal the
platform stability. QC samples were tightly clustered, demonstrating
good reproducibility of the data (Figure 2). PCA showed that the meta-
bolic profile was different between both groups (Figure 2), while in
OPLS-DA, the metabolic difference between them was more obvious
(Figure 3). The result of OLPS-DA showed the significant biochemical
perturbation in urinary samples from the patients.

Figure 1. (A and B) Clinical pictures and (C) histopathological image of reticular OLP patient. (A and B) White reticular striae were found on the surface of oral
mucosa and tongue (indicated by an arrow). (C) Parakeratosis and numerous inflammatory cells were found in histopathological image (magnificationx400). These
are the characteristic features of reticular OLP. The images were published in our previous study [4].
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Figure 2. PCA score plot based on the oral mucosal metabolic profiling of (CZ) control and (HZ) reticular OLP groups.

30 differentially expressed metabolites were identified by the analysis
of OSI/SMMS software (Table 1). Compared to the control group, the
levels of 13 metabolites were up-regulated, and 17 metabolites were
down-regulated in reticular OLP group.

3.2. Pathological network construction

Pathological network displayed in Figure 4 shows that these metab-
olites were involved in 8 pathological processes, that is, DNA damage and
repair disorder, apoptosis process, inflammatory lesion, oxidative stress
injury, carbohydrate metabolism disorder, mood dysfunction, abnormal
energy expenditure, and other pathological process.

4. Discussion

In the previous researches, we have investigated the metabolic
profiling in the oral lesion mucosa and serum of reticular OLP [1, 4]. This
experiment discussed the urinary metabolomic signatures in reticular
OLP. Metabolism and excretion processes of the endogenous metabolites
are ongoing all the time. Endogenous metabolites that are excreted into
the urine originally existed in the internal environment, which had the
effects on the body as well. Therefore, the studies on the metabolites in
urine can be used to reversely analyze the possible pathological changes
in the patients to some extent, which are important for understanding the
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pathogenesis of the diseases. The metabolic information obtained from
urinary sample may affect 7 pathological processes that are also
described in the previous studies [1, 4], that is, DNA damage and repair
disorder, apoptosis process, inflammatory lesion, oxidative stress injury,
Carbohydrate metabolism disorder, Mood dysfunction, and abnormal
energy expenditure. Meanwhile, urinary metabolic information also re-
flects other pathological processes in reticular OLP.

4.1. DNA damage and repair disorder in reticular OLP

DNA damage occurs frequently in OLP patients, which is one of the
important pathological features of the disease [7]. The expression of
aminoacetone was enhanced in the urine of patients with OLP, an in-
crease in whose concentration results in DNA cleavage [8]. Additionally,
the level of chlorate was increased in the urine sample as well, which
induces DNA damage and DNA-protein cross-linking [9]. Therefore, we
can observe that the increase in the concentrations of both metabolites
might be one of the important inducing factors of DNA damage in OLP.

4.2. Apoptosis process in reticular OLP

Apoptotic cell death is a key cause of oral and blood cells destruction
in OLP [10, 11]. In the urine samples from OLP patients, 6 metabolite
levels were up-regulated and one was down-regulated, whose
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Figure 3. OPLS-DA score plot based on the oral mucosal metabolic profiling of (CZ) control and (HZ) reticular OLP groups.
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Table 1. Differentially expressed metabolites identified of reticular OLP patients.

NO. Metabolites VIP RT (min) m/z Adduct Delta (ppm) Fold change (OLP/Control) Ion mode Database
1 Pro-Leu 8.70 1.01 229.15435 M+ H 0 0.76 Pos RMD

2 Oxalacetic acid 7.93 19.82 154.99020 M + Na 32 1.39 Pos HMDB
8 Histidinol 6.63 17.71 124.08697 M + H-H,0 4 1.50 Pos METLIN
4 Aminoacetone 6.50 19.18 112.01847 M+ K 23 1.41 Pos HMDB
5 N,N-Dimethylaniline 6.07 18.88 122.09663 M+ H 2 1.37 Pos METLIN
6 13-cis-Retinal 5.59 11.40 302.23280 M + NHy4 53 0.46 Pos METLIN
7 Kynurenic acid 4.82 5.17 190.04971 M+ H 1 0.53 Pos HMDB
8 5-Aminopentanoic acid 4.69 3.32 100.07608 M + H-H,0 1 0.34 Pos METLIN
9 Isobutyryl carnitine 4.56 4.38 232.15404 M+ H 1 0.62 Pos METLIN
10 Methylarsonite 4.29 19.17 141.98332 M + NHy4 7 1.41 Pos HMDB
11 Ornithine 3.82 18.87 150.12767 M + NHy4 30 1.37 Pos METLIN
12 3,4-Dihydroxymandelic acid 3.40 19.18 207.01750 M + Na 48 1.42 Pos HMDB
13 Chlorate 3.23 19.39 117.92680 M + Cl 32 1.66 Neg HMDB
14 Hexadecanamide 2.89 17.48 256.26308 M+ H 5 1.40 Pos RMD
115 Ala-His 2.83 13.55 209.11699 M + H-H,0 58 0.61 Pos METLIN
16 Arg-Val 2.70 4.37 312.13042 M + K 47 0.73 Pos METLIN
17 Succinic acid 2.68 19.20 156.99066 M + K 6 1.40 Pos HMDB
18 Anthranilic acid 2.57 4.17 120.04427 M + H-H,0 5 0.65 Pos METLIN
19 Asn-Thr 2.57 13.56 251.12757 M + NH4 32 0.60 Pos METLIN
20 p-CHLOROPHENYLALANINE 2.50 4.93 198.03115 M-H 8 2.32 Neg METLIN
21 Methoxyacetic acid 2.43 19.18 113.01695 M + Na 35 1.41 Pos HMDB
22 D-(-)-Lyxose 2.43 3.67 151.06144 M+ H 9 0.72 Pos METLIN
23 Carnosine 2.41 0.75 227.12429 M+ H 46 0.71 Pos METLIN
24 Trp-Val 2.40 5.10 304.16481 M+ H 2 0.58 Pos HMDB
25 Arg-lle 2.18 9.80 288.21607 M+ H 45 0.44 Pos METLIN
26 2-Oxo-4-methylthiobutanoic acid 2.12 19.16 186.98107 M + K 8 1.38 Pos HMDB
27 Phe-Asp 2.07 5.31 281.10975 M+ H 12 0.56 Pos HMDB
28 2-trans,4-cis-Decadienoylcarnitine 2.03 9.99 312.21395 M+ H 10 0.48 Pos HMDB
29 9-Decenoylcarnitine 2.02 11.03 336.21626 M + Na 5 0.49 Pos HMDB
30 Arg-Thr 2.01 6.56 258.16996 M + H-H,0 48 0.47 Pos METLIN

Delta: ppm error between the observed mass and the theoretical mass.

Fold change: the ratio of the average level of metabolites in reticular OLP group to that in control group.

The metabolites were detected in (POS) positive and (NEG) negative ESI mode.
RMD: reference material database.

dysregulations are closely related to the apoptosis process. Histidinol can
be converted into histidine [12], whose up-regulation is beneficial to the
formation of histidine, as shown in the results of our previous research
[4]. Accompanied with oxidative stress injury, histidine can cause DNA
double-strand breaks, and eventually lead to cell apoptosis [13]. In
addition, according to the calculation of SIMCOMP2 (http://www
.genome. jp/tools/simcomp2/), the molecular structures of both me-
tabolites had a relatively high similarity (similarity score = 0.84).
Therefore, according to the theory “similarity often leads to analogies”
[14], we concluded that histidinol itself might also produce the biological
activities similar to histidine. N,N-Dimethylaniline is a substituted de-
rivative of aniline. Through the calculation of SIMCOMP2, the molecular
structures of both metabolites were also similar (similarity score = 0.76).
Thus, we inferred that N,N-dimethylaniline might also induce apoptosis
similar to aniline [15]. The up-regulation of ornithine may induce
apoptosis via regulating the level of cell cycle proteins [16]. Our previous
study has shown that the level of p-chlorophenylalanine in the oral
mucosa is reduced [4], but in the present experiment, that in the urine
was increased. The cause of the difference might be that OLP accelerated
its excretion into the urine, subsequently resulting in a decrease in its
content in internal milieu. The reduction of p-chlorophenylalanine level
may induce apoptosis through enhance the expression of serotonin [17,
18]. Methoxyacetic acid is a major metabolite of ethylene glycol mono-
methyl ether, which may induce cell apoptosis via its interactions with
protein kinase [19]. 2-Oxo0-4-methylthiobutanoic acid is the direct pre-
cursor of methional, which is a potent inducer of apoptosis [20]. Its

up-regulation might lead to the increased production of methional, and
eventually induce the cell apoptosis. Carnosine is an anti-apoptotic
metabolite, whose deficiency might weaken the protective effects
against the apoptosis [21].

4.3. Inflammatory lesion in reticular OLP

The pro-inflammatory mechanisms are activated in both oral tissues
and circulatory system of OLP patients [22, 23]. 13-cis-Retinal and car-
nosine can exert their anti-inflammatory effects in organisms [24, 25],
whose deficiencies might not be conducive to the recovery of inflam-
matory lesion in the disease. In addition, the down-regulation of internal
p-chlorophenylalanine by its increased urinary excretion can enhance
serotonin expression [4, 18], which may also cause inflammatory injury
subsequently [26].

4.4. Oxidative stress injury in reticular OLP

Oxidative stress injury exists in both oral mucosa and serum of OLP
patients [4, 27]. In addition to the induction of DNA damage, the
increased concentrations of aminoacetone and chlorate may also lead to
oxidative stress injury [28, 29]. From the above description we can
observe that N,N-dimethylaniline might produce the biological effects
similar to aniline, whose up-regulation might trigger oxidative stress as
well [15]. Anthranilic acid, kynurenic acid, carnosine, and D-(-)-lyxose
have antioxidant activities [21, 24, 30, 31, 32], whose deficiencies might
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not be conducive to the recovery of oxidative stress damage in the dis-
ease. Additionally, a deficiency of p-chlorophenylalanine in the internal
milieu might also participate in the process of oxidative stress by
increasing serotonin level [4, 33].

4.5. Carbohydrate metabolism disorder in reticular OLP

Abnormal carbohydrate metabolism may influence oral epithelial cell
membrane of OLP patients [34, 35]. 3,4-Dihydroxymandelic acid is a
major metabolite of the catecholamines, epinephrine and norepinephrine
[36]. The up-regulation of 3,4-dihydroxymandelic acid might mean an
increase in the release of these two catecholamines. As shown in the
previous studies [37, 38], psychological stress state may induce the
release of both catecholamines in OLP patients, whose up-regulations can
inhibit insulin release [39, 40]. In addition, methylarsonite may also
impair glucose-stimulated insulin secretion through the inhibition of
mitochondrial respiration and calcium influx [41]. A deficiency of the
hormone may trigger carbohydrate dysregulation [42]. From these point
of view, we may know that insulin might act as a bridge to link both
metabolites and carbohydrate metabolism disorder.

4.6. Mood dysfunction in reticular OLP

Mood dysfunction, such as depression, anxiety, and stress, plays the
important roles in OLP patients [43, 44]. Anthranilic acid and kynurenic
acid are the metabolites of tryptophan. Our previous study has shown
that tryptophan level is down-regulated in the blood of OLP patients [1],
which may lead to the decrease in the production of both metabolites, as

shown in Table 1. The deficiency of tryptophan in vivo is closely related to
mood dysfunction [45]. 5-Aminopentanoic acid is a lysine degradation
product. The down-regulation of 5-aminopentanoic acid might mean the
deficiency of lysine in vivo, which would increase stress-induced anxiety
[46]. In the current experiment, the urinary excretion pattern of hex-
adecanamide was similar to that of p-chlorophenylalanine. The disease
might also accelerate the excretion of hexadecanamide into the urine,
and then leading to its down-regulation in the blood [1]. Our previous
research has shown that hexadecanamide might have a sleep-inducing
action similar to oleamide, whose deficiency might further affect the
mood states in OLP patients [1, 47, 48].

4.7. Abnormal energy expenditure in reticular OLP

Our previous study has showed that abnormal energy expenditure
also appears in OLP [4]. Oxalacetic acid is an intermediate of the citrate
cycle, and reacts with Acetyl-CoA to form citrate [49]. Succinic acid, a
component of the citrate cycle, can donate electrons to the electron
transfer chain. Therefore, the overexpression of both metabolites might
increase energy metabolism through the activation of the citrate cycle, so
as to meet the increasing demand for energy in some pathological pro-
cesses of OLP.

4.8. Other pathological process in reticular OLP

In the current research, reticular OLP also affected the levels of 3
carnitines and 8 dipeptides in the urine samples. However, the correla-
tion between reticular OLP and the pathological processes induced by
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these metabolites was still unknown. In the further studies, the patho-
logical effects of these metabolites on OLP also need more attention.

In summary, the research fully demonstrated that urinary metab-
olomics was useful for the study on the pathogenesis of reticular OLP,
which also echoed the results of the previous oral mucosa and serum
metabolomics analyses to some extent. Additionally, in the present
research, we also obtained the additional information that was unavai-
lable in the previous metabolomics analyses. This experiment was a
complement to the previous studies. Through these researches, we may
have a more comprehensive understanding of the disease.

However, there are also limitations to the present study. Metabolic
changes in urine do not yet reflect the malignant potential of the disease.
Therefore, in the follow-up study, the malignant mechanism of the dis-
ease is worthy of further study.
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