








Figure 3. Metabolic disorders in vulvar lichen sclerosis (VLS) samples.
(A) Gene Set Enrichment Analysis identified down-regulation of fatty acid elongation genes in VLS samples. *P < 0.05; **P < 0.01. (B) Gene Set Enrichment Analysis
identified down-regulation of glutathione-s-transferase genes in VLS samples. *P < 0.05. (C) Heat map showing lipidomic changes in VLS samples. (D) Heat map showing
metabolic changes in VLS samples. (E) The ratio of GSH/GSSG in paired samples from VLS patients. (F) Histology of paired samples from VLS patients. Scale bar, 100 μm.
(G) Changes of intracellular pigment with GST inhibitors treatment. *P < 0.05; **P < 0.01. (H) Changes of intracellular pigment with GSH treatment. ****P < 0.0001.
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been shown that NCVS can affect the metabolism of cells or tissues.
Lipidomic and metabolomic analyses on paired samples indicated
the dysregulation of VLCFA/LCFA and GSH metabolism in VLS-
affected tissues. VLCFAs and LCFAs are major components of the
skin barrier (Uchida, 2011; Cui et al, 2016) which can relieve
the itchiness induced by the abnormal inflammation of the
skin (Kaczmarski et al, 2013; Søyland et al, 1993, 1994). Thus, de-
creased levels of VLCFA and LCFA could be one of the reasons for
the skin damage and itchiness in VLS patients. Another metabolite,
glutathione, which wasmore highly accumulated in the VLS group is
also critical for skin health via maintaining the homeostasis
and function of melanocytes (Kondo et al, 2016; Sonthalia et al,
2018). The impairment of melanocyte function and cell identity
using GST inhibitors and glutathione indicated that therapies
regulating the metabolism of glutathione could be a potential
therapy for VLS.

In summary, we performed amulti-omics analysis on VLS patient
samples to understand their molecular characteristics. This study
identified potential pathogenic factors and their impacts on VLS,
which could serve as therapeutic targets in the future. Similar
studies may need to carry out to understand the pathogenesis of
extragenital LS.

Materials and Methods

Sample collection

The current study was approved by the ethical committee of Fudan
University Obstetrics and Gynecology Hospital. Informed consent
was obtained from all subjects. All the experiments in the current
study conformed to the principles described in the World Medical
Association Declaration of Helsinki and the Department of Health
and Human Services Belmont Report. The patient and healthy
donor information is summarized in Table S1.

Reagents

All of the chemicals for MS, including methanol (HPLC grade, 99.9%),
water, HPLC-grade water, liquid chromatography (LC)–MS grade
acetonitrile (HPLC grade, 99.95%), methyl tert-butyl ether (HPLC-
grade, 99.9%), ammonium acetate (LC–MS grade), and ammonium
hydroxide (LC–MS grade) were ordered from Fisher Chemical. The
GST inhibitors GSTO-IN-2, ethacrynic acid, and GSH were ordered
from MedChemExpress.

RNA-seq and analysis

Total RNA was extracted from normal and pathological tissues with
the TRIzol reagent (Invitrogen). RNAs were then reversely tran-
scribed with oligo(dT) primers. RNA-seq libraries for expression
analysis were constructed using KAPA RNA HyperPrep Kit KR1350
v1.16 according to the vendor’s protocol and paired-end 2 × 150 bp
reads were sequenced using the Illumina HiSeq platform. The data
were aligned and quantified by HISAT2 (Kim et al, 2019). The raw
data are deposited at GSE166620.

Viral genome assembly and sequence alignment

RNA-seq data were first mapped to human genome hg19 using
HISAT2 with default parameters. SAMtools (Li et al, 2009) was next
used to extract unmapped RNA-seq reads, within which virus-related
reads were located. These unmapped paired-end reads were then
mapped against a concatenated virus genome (600 viruseswith human
as a host from National Center for Biotechnology Information, down-
loaded fromhttps://www.ncbi.nlm.nih.gov/genomes/GenomesGroup.cgi?
taxid=10239&host=human) on April 9, 2019, using HISAT2. We performed
deduplication for the alignment results to remove potential PCR dupli-
cates. Trinity (Grabherr et al, 2011)was used to denovo assemble the RNA-
seq data to explore whether some viral RNAs existed. Finally, Salmon was
used to estimate the transcript-level abundance of alignment results for
each virus (Patro et al, 2017).

Hydrophilic metabolite extraction

Tissue samples were homogenized at −20°C for 1.5 h. Methanol:
water (v:v, 80:20) was prechilled at −80°C overnight, and 4 ml was
added to the tissue sample homogenate. The homogenate was then
incubated at −80°C for 20 min and decanted to a 15-ml centrifuge
tube. The homogenate was centrifuged at 4°C at 4,000g for 10 min,
and the supernatant was then collected in another 15-ml centrifuge
tube. 500 μl of prechilled 80% methanol was added to the 15-ml
centrifuge tube which contained the tissue homogenate, and after
1 min of vortexing, the tissue homogenate was centrifuged at 4°C at
4,000g for 10 min again. Approximately 500 μl of supernatant was
added to the ~4 ml of supernatant in a new 15-ml centrifuge tube.
The 4.5 ml supernatant was split into three portions (3 × 1.5-ml
microcentrifuge tubes). The 80% methanol extracted metabolites
were then dried using a SpeedVac (LABCONCO Refrigerated Cen-
triVap Concentrator) and stored at −80°C before MS analysis.

Tissue lipid extraction

A tissue sample was added to 200 μl of water and 500 μl of methanol
and homogenized using the same approach as in the hydrophilic
metabolite extraction above. The homogenate was supplemented with
500 μl moremethanol and decanted into a clean glass centrifuge tube.
5 ml of methyl tert-butyl ether was then added to the glass centrifuge
tube and vortexed for 1 min. The glass centrifuge tube containing the
homogenate was rocked on a shaker for 1 h at room temperature.
1.25 ml of water was then added to the glass centrifuge tube followed
by another minute of vortexing. The homogenate was centrifuged at
4°C at 1,000g for 10min and two-phase layers could be observed in the
glass centrifuge tube. 4ml of the top phase supernatant were collected
and dried under a stream of nitrogen. The extracted lipid sample was
stored at −80°C before MS analysis.

Targeted metabolomic analysis

The metabolomic approach was adopted from a published method
(Zhang et al, 2019). In general, samples were resuspended in 50 μl of
water:acetonitrile (v:v, 50:50), and 5 μl was injected into a 6500
QTRAP triple-quadrupole MS (SCIEX) coupled to an HPLC system
(Shimadzu). Metabolites were eluted via hydrophilic interaction
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chromatography (HILIC) by using a 4.6-mm i.d. × 10 cm Amide
XBridge column (Waters) with a flow rate of 400 μl/min using buffer
A (20 mM ammonium hydroxide/20 mM ammonium acetate (pH 9.2)
at a 95:5 ratio with water:acetonitrile) and buffer B (acetonitrile).
Gradients were run from 85% buffer B to 42% buffer B at 0–5 min;
from 42% buffer B to 0% buffer B at 5–16 min; 0% buffer B was held
from 16–24 min; from 0% buffer B to 85% buffer B at 24–25 min; and
85% buffer B was held for 7 min. All ions were acquired by 306
selected reaction monitoring transitions in a positive and negative
mode switching fashion. Electrospray ionization (ESI) voltage was
+4,900 and −4,500 V in positive or negative mode, respectively.

Lipidomic analysis

Lipid samples were resuspended in 100 μl of chloroform:methanol:
water (v:v:v, 45:45:10), and 5 μl was injected into a 5500 plus QTRAP
triple-quadrupole MS (SCIEX) coupled to HPLC system (Shimadzu).
Lipids were eluted via HILIC by using a 2.1 mm i.d. × 10 cm BEH
column (Waters) with a flow rate of 500 μl/min using buffer A (10 mM
ammonium acetate (pH 8) at a 95:5 ratio with acetonitrile:water) and
buffer B (10 mM ammonium acetate (pH 8) at a 50:50 ratio with
acetonitrile:water). Gradients were run from 0.1% buffer B to 20%
buffer B at 0–10 min; from 20% buffer B to 98% buffer B at 10–11 min;
98% buffer B was held from 11–13 min; from 98% buffer B to 0.1%
buffer B at 13.0–13.1 min; and 0.1% buffer B was held for 3 min. All the
ions were acquired by 1250 selected reaction monitoring transitions
associated with their predicted retention time in a positive and
negativemode switching fashion. ESI voltage was +5,500 and −4,500 V
in positive or negative mode, respectively.

Pigment content assay

Murine melanocytic cell line B16 was maintained in RIPM 1640 with
10% FBS and 1% P/S, and cultured in a 5% CO2 humidified incubator
at 37°C. Melanogenesis was induced by either 200 μM L-Tyrosine
(Sangon), or 200 μM L-Tyrosine and 5 μM forskolin (Sigma-Aldrich).
For treatment with GST inhibitors or reduced GSH, equal amounts of
B16 were initially seeded in maintenance medium for attachment,
followed by treatment with vehicle control or indicated compounds
in induction medium for 5 d. Melanin was quantified as described
previously (Luo et al, 2015). In brief, cells were lysed by boiling in 1 N
NaOH for 10 min, followed by measuring the absorbance at 420 nm
with a Varioskan Flash (Thermo Fisher Scientific) plate reader.

Bioinformatic analysis

All P-values were calculated via t test unless specifically indicated.
All the metabolomic and lipidomic data were analyzed by
MetaboAnalyst software (https://www.metaboanalyst.ca/).

Data Availability

The raw RNA-seq data are deposited at gene expression omnibus
with accession number GSE166620.

Supplementary Information

Supplementary Information is available at https://doi.org/10.26508/lsa.
202000906.
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