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Abstract

Background: The vulvar lichen simplex chronicus (VLSC) is a common condition in gynecologic clinics. Though VLSC is not life-
threatening, it usually causes pruritus, soreness and dispareunia, which cause general discomfort. The exact etiology of VLSC is unclear.
This study was performed to explore the vaginal microbiota of VLSC and to identify the possible microbial factors in attacks. Methods:
Ninety womenwere recruited. 45 patients with VLSC and 45womenwithout vulvar symptomwere identified as lichen simplex chronicus
(LSC) and H groups respectively. The vaginal microbiota of the two arms were compared by the V3-V4 region of 16S rRNA sequencing.
Results: The LSC group had less alpha diversity than H group (p < 0.05) and the beta diversity of LSC group was also distinct from
the H group. Linear discriminant analysis effect size (LEfSE) analysis indicated that genus Sneathia and family Leptotrichiaceae were
discriminant taxa in LSC group. Phylogenetic investigation of communities by reconstruction of unobserved states (PICRUSt) analysis
found that microbial genes related to the signal transduction, metabolism of terpenoids and polyketides, transporters, nervous system,
energy metabolism and others were different in the LSC and H groups. Conclusions: VLSC was associated with dysbioss of vaginal
microbiota profiles compared with healthy control cases.
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1. Introduction
Lichen simplex chronicus (LSC) is a common condi-

tion and it is estimated to occur in 12% of the total popu-
lation. It has been found that LSC affects female and adult
population more frequently than the male and young popu-
lation [1]. The incidence ratio of vulvar LSC is up to 1.7%
in all gynecologic practices including prepubertal girls [2].
It is also found to comprise 10–35% of the patients in vulvar
clinics [3]. Histopathologically, LSC lesions have hyper-
keratosis, epidermal thickening, spongiosis and acanthosis
[4]. Though it is not life-threatening disease compared with
gynecological tumors, the vulvar LSC usually causes pruri-
tus, soreness and dispareunia [3], which interrupt the work,
sleep, sexual function, and cause general discomfort [5].

Vulvar LSC can occur de novo in healthy vulvar tissue
named idiopathic vulvar lichen simplex chronicus (VLSC)
or as a secondary complication of any pruritic vulvar con-
dition such as psoriasis, lichen sclerosus, and contact der-
matitis. The idiopathic VLSC is estimated to be found in
up to 75% of affected women but the exact etiology is in-
distinct [6]. So far, many factors have been found to be
associated with idiopathic VLSC such as immune factors,
genetic factors, psychological factors, environmental fac-
tors and sex hormones [7]. Chen et al. [8] found that skin
microbiota could affect immunity, epigenetics and epider-
mal barrier of the host, and it also played an important role

in the pathogenesis of inflammatory skin diseases. Vaginal
microbiota changes as response to the host biochemical and
immunological change and vaginal secretion flows out and
may make the vulvar skin in the similar microbiological en-
vironment with vagina, so we speculate that vaginal micro-
biota changes may play a role in the pathophysiologic con-
ditions in VLSC. Along with the technology development,
the high-throughput sequencing of the bacterial 16S rRNA
can be used as a mature tool for assessing microbial com-
munities with a high phylogenetic resolution. The goal of
this study is to exploremore accurate qualitative and quanti-
tative information of the vaginal microbiota in females with
VLSC, and to identify the potential microbiome pathogen-
esis which has not been studied before.

2. Materials and Methods
2.1 Data and Sample Collection

A total of 90 women were recruited at the Gyne-
cology Outpatient Department of Sichuan University West
China Second Hospital in Chengdu between January 2017
and May 2021. Forty-five patients diagnosed with VLSC
confirmed pathologically were included as the LSC group.
Forty-five women with no recorded vulvar complication
and vaginitis were included as the control group (H group).
The excluding criteria were (1) the vaginal smear indicated
vaginitis such as bacterial vaginosis, vulvovaginal candidi-
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Fig. 1. Microbial community structure bar plots of the LSC and H groups. (A) The microbial community bar plots of the LSC and
H groups at the phyla level. (B) The microbial community bar plots of the LSC and H groups at the genus level. (C) OTU Venn diagram.
The number in the overlapped area indicates the amount of common OTUs of the two groups.

asis or trichomoniasis, etc; (2) patients who had sexual in-
tercourse within 48 hours before the visit; (3) patients re-
ceived vaginal medications or douches within 48 hours be-
fore the visit; (4) pregnant women; (5) patients had taken
any oral antibiotics,oral antimycotics, oral contraceptive
medication or hormone replacement treatment in the past
onemonth; (6) patients had received topical corticosteroids,
topical immunomodulators, antihistamines, antidepressants
or transcutaneous electrical nerve stimulation in the past
one month. After obtaining informed consent, the mid-
vaginal secretion samples were dipped using sterilized cot-
ton swabs. Two sterilized swabs were collected for each
sample and the swabs were put in tubes on ice until genomic
DNA extractions within 3 hours. This study was approved
by the Institutional Ethics Committee of Sichuan Univer-
sityWest China Second University Hospital (NO.1356) and
the work has been carried out in accordance with The Code
of Ethics of the World Medical Association (Declaration of
Helsinki) for experiments involving humans.

2.2 Whole Genomic DNA Extraction
The TIANamp Swab DNA kit (TIANGENBIOTECH

Beijing Co. Ltd, Beijing, China) was used to extract the
whole genomic DNA of vaginal bacteria species. The swab
suspensions were mixed with 20 µL proteinase K. The mix-
ture was incubated at 56 °C for 60 min. Then, the samples
were subjected to mechanical lysis by bead beating in a Fast
Prep 24machine (MPBio, SantaAna, CA,USA) at 6m/s for
40 s. The lysates were subjected to centrifugation at 12,000
rpm for 60 s to pellet the beads and filtered using the CR2
columns. DNA was purified, and the quality of total ge-
nomic DNA was evaluated by agarose gel electrophoresis
(Invitrogen, Carlsbad, CA, USA).

2.3 DNA Amplification and Sequencing of 16S rRNA Gene
Fragments

The V3-V4 variable regions of the bacterial 16S
rRNA gene were amplified with primers 338F (ACTC-
CTACGGGAGGCAGCA) and 806R (GGACTACN-
NGGGTWTCTAAT). The amplicon quality was visualized
using gel electrophoresis. The PCR products were purified
with AgencourtAMPure XP beads (Beckman Coulter Co.,
Bria, CA, USA) and quantified using Qubit dsDNA assay
kit. The concentrations were then adjusted for sequencing.
Sequencing was performed on an Illumina NovaSeq6000
with two paired-end read cycles of 250 bases each (Illu-
mina Inc., San Diego, CA, USA; OE Biotech Company;
Shanghai, China)

2.4 Bioinformatic Analysis

The raw reads were deposited into the Genome
Sequence Archive (GSA) database (Accession Number:
CRA005753. Paired-end reads were preprocessed using
Trimmomatic software (version 0.35, Usadel Lab, Aachen,
Germany) to detect and cut off ambiguous bases (N). It also
cut off low quality sequences with average quality score
below 20 using sliding window trimming approach. After
trimming, paired-end reads were assembled using FLASH
software (version 1.2.11, Center for Computational Biol-
ogy, Baltimore, MD, USA). Parameters of assembly were
10 bps of minimal overlapping, 200 bps of maximum over-
lapping and 20% of maximum mismatch rate. Sequences
were performed further denoising as follows: reads with
ambiguous, homologous sequences or below 200 bps were
abandoned. Reads with 75% of bases above Q20 were re-
tained and reads with chimera were detected and removed
using QIIME software (version 1.8.0, Knight and Caporaso
labs, Flagstaff, AZ, USA). Clean reads were subjected to
primer sequences removal and clustering to generate op-
erational taxonomic units (OTUs) using VSEARCH soft-
ware (version 2.4.2, Institut Pasteur, Paris, France) with
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Fig. 2. Alpha diversity comparison of LSC and H groups. Violin plots of the Shannon (A) and Simpson (B) index for the two groups.
‘**’ indicates p < 0.01, ‘*’ indicates p < 0.05.

Fig. 3. PCoA analysis of the LSC and H groups. Some of the
H group samples cluster separately from the LSC samples.

97% similarity cutoff. The representative read of each
OTU was selected using QIIME package. All representa-
tive reads were annotated and blasted against Silva database
(Version 138) using RDP classifier (confidence threshold
was 70%). The community structure of LSC and H groups
were compared. Venn diagrams were drawn to analyze
the amount of overlapped and unique OTUs in the two

groups. In the alpha-diversity analysis, Shannon and in-
verse Simpson indices were estimated. In the beta-diversity
analysis, principal co-ordinate analysis (PCoA) using bi-
nary_jaccard was performed. Linear discriminant analysis
effect size (LEfSE) was performed to determine the domi-
nant biomarkers of each group. Phylogenetic investigation
of communities by reconstruction of unobserved states (PI-
CRUSt) was performed to predict the function of different
vaginal microbiota. Student’s t-test was used to compare
quantitative data and p < 0.05 was considered statistically
significant.

3. Results
3.1 Characteristics of Participants

The average age of the LSC andH groups was 44.89±
11.52 and 42.09 ± 10.3 years respectively (p > 0.05). The
mean BMI of the two groups was 23.95± 3.03 and 22.78±
3.21 kg/m2 (p> 0.05). There was no significant difference
in marital status within the two groups.

The data volume of valid tags ranges from 9359 to
74,949, and the length of the valid tags varied from 411.97
to 430.01 bps. 4475 OTUs were identified using a cutoff of
97% sequence similarity, including 31 phyla, 600 genera,
and 905 species.

3.2 Community Structure of the LSC and H Groups
At the phylum level, the Firmicutes, Actinobacteria

and Proteobacteria were the top three abundant bacterial
phyla in H group. In the LSC group, the dominant three
phyla were Firmicutes, Actinobacteria and Bacteroidota
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Fig. 4. The box plot of the top 10 different genera in the LSC and H groups.

(Fig. 1A). At the genus level, the Lactobacillus and Gard-
nerellawere the most abundant two bacterial genera in both
of the two groups, with relative abundance of 64.32% and
13.64% respectively in the H group, and 64.82% and 9.36%
respectively in the LSC group. Among the Lactobacillus,
it was found that the Lactocillus iners. was the most abun-
dant species. The relative abundance of Gardnerella de-
creased whileMuribaculaceae and Streptococcus increased
in the LSC group (Fig. 1B). The Venn diagram displayed
that there were 2631 common OTUs of the two groups.
H group had 402 unique OTUs, and LSC group had 1442
unique OTUs. The microbiota community of each group
was different (Fig. 1C).

3.3 Microbiota Diversity in H and LSC Groups

The median of Shannon index of LSC group was 0.79
which was significantly less than the index of H group
(1.43, p < 0.01) (Fig. 2A). The median of inverse Simp-
son index of LSC group was 0.24 while the index of the H
group was 0.42, and there was statistical difference between
the two groups (p< 0.05) (Fig. 2B). This indicated the alpha
diversity of LSC group was less than the H group. The beta
diversity of the two groups was compared using the prin-
cipal co-ordinates analysis (PCoA) of binary_jaccard dis-
tances. The result was distinct between LSC and H groups
(Fig. 3).

3.4 The Featured Taxa of LSC and H Groups

The analysis of similarity (anosim) of binary_jaccard
revealed LSC group differed from H group significantly (p
= 0.001). The top 5 discriminal genus with most relative
abundance were Gardnerella, Atopobium, Tepidimonas,
Sneathiaand and Massllia (Fig. 4). To identify the specific
taxa, the LEfSE analysis was performed. Comparing with
group H, family Leptotrichiaceae and genus Sneathia were
discriminant taxa in group LSC (Fig. 5).

3.5 Functional Prediction of Vaginal Microbiota in the
Two Groups

To gain the function of vaginal microbiota in the eti-
ology of VLSC, PICRUSt using Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathways was used to pred-
icate the functional profile of bacterial communities. It
found that in addition to the difference detected in bacterial
composition and diversity, microbial genes related to the
signal transduction, metabolism of terpenoids and polyke-
tides, transporters, excretory system, nervous system, en-
ergy metabolism and many other functions were extremely
enriched among the LSC group comparing with H group,
while genes related to immune system, cardiovascular dis-
eases and digestive system, etc were reduced in LSC group
(Fig. 6).

4

https://www.imrpress.com


Fig. 5. LEfSE analysis of the LSC and H groups. The rings represent the taxonomic levels in descending order, from phylum to
genus. The circles in red or green represent more prevalent taxa of H or LSC groups. The diameters of the circles represent the relative
abundances of the taxa.

4. Discussion

In the recent dermatopathologic view, LSC is inflam-
matory dermatoses [9], but the mechanism of inflammation
is not clear. So far, some gynecological diseases have been
found associated with gut microbiota or vaginal microbiota
dysbiosis. Chandni et al. [10] summarized that gut mi-
crobes might promote endometriosis lesion formation in the
state of dysbiosis through disrupting gut barrier integrity
and resulting macrophage activation. Pierluigi et al. [11]
also found the lower genital tract microbiome would be af-
fected by changes in polycystic ovary syndrome (PCOS).
Both vaginal microbiota and vulvar skin microbiota can in-
fluence the status of labium skin. Compared with vulvar
skin microbiota, vaginal microbiota is relatively more sta-
ble. Taking these into account, we tried to screen potential
etiology by studying the composition of vaginal microbiota
in women with VLSC through high phylogenetic resolution
sequencing in the present research.

In our study, it was found that the LSC group had less
alpha microbiota diversity than H group and the beta di-

versity of the two groups were different. Comparing with
H group, the Sneathia was the discriminant genus and in-
creased significantly in relative abundance in LSC group.
Haggerty et al. [12] found that the presence of Sneathia
in bacterial vaginosis was associated with increased risk of
pelvic inflammatory disease. Muzny [13] found that as the
secondary colonizers, Sneathia spp. and potentially other
bacterial vaginosis-associated bacteria were more potent
stimulators of the host-immune response to bacterial vagi-
nosis and likely contribute to its signs and symptoms as well
as its adverse outcomes. Another study [14] revealed that
the presence of Prevotellaamnii and Sneathia sanguinegens
was significantly associated with infection of Trichomonas
vaginalis. All the findings indicated that VLSC was related
to vaginal microbiota disturbance and the increased abun-
dance of Sneathia in vagina might facilitate the secondary
bacterial infection.

According to the PICRUSt analysis, it has been found
that the function of the vaginal microbiota differed in the
LSC and H groups. For example, genes related to fo-
late, cysteine and methionine metabolism increased in LSC
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Fig. 6. Heatmap summarizing the predicted functional factors
based on KEGG databases in the level 2.

group in our study. Fan et al. [15] compared the MTH-
FRC677T gene polymorphism between the nonneopastic
epithelial disorders of vulva and the normal control cases
and indicated that VLSC patients had significantly in-
creased frequencies of MTHFR 677TT genotype and T al-
lele which was associated with the folic acid and homo-
cysteine metabolism. Another study [16] investigated the
changes of transforming growth factor-β (TGF-β) and B-
cell lymphoma-2 (Bcl-2) protein expression in vulva skin
tissue of VLSC rats. It found that the expression of TGF-β
protein in vulvar tissues of experimental group were signifi-
cantly lower than that of the control group (p< 0.05), while
the expression of Bcl-2 protein was higher than the control
group (p < 0.05). In our study, it was also found that the
genes related to apoptosis were different in the LSC and H

groups. So, it could be speculated that altered vaginal mi-
crobiota may be involved in some signaling or metabolic
pathways, which exert synergistic or antagonistic effects
and promote the occurrence of VLSC.

So far, due to the lack of understanding of VLSC and
its multifactorial nature, it is difficult to manage VLSC.
Topical corticosteroids were accepted as the first line ther-
apy andmany other therapies such as topical immunomodu-
lators, antihistamines, antidepressants, phototherapy, tran-
scutaneous electrical nerve stimulation and focused ultra-
sound were also accepted as adjuvant therapy, but all the
methods could only relieve the symptom and had a cer-
tain recurrent rate [17]. Now, the changes of microbiota
in VLSC women may give hints for disease management
that the vaginal probiotics might help regaining the vaginal
microbial balance and assisting in therapy.

5. Conclusions
The richness and diversity of vaginal microbiota in

VLSC group is different from H group. VLSC is associ-
ated with disturbed microbiota profiles.
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