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Abstract

Background Lichen sclerosus (LS) is a chronic inflammatory cicatricial skin disease that can lead to urethral stricture
or even malignant transformation and the etiology is still unknown. This study comparatively analyzed the balanopre-
putial swab and urine microbiota simultaneously between male patients with LS urethral stricture (LSUS) and non-LS
urethral stricture (non-LSUS).

Methods We prospectively included 31 male patients with LSUS and 30 with non-LSUS in this case—control study.

Midstream urine samples and balanopreputial swabs were collected from each patient for the 165 V3-V4 hypervari-
able region sequencing. Operational taxonomic units were defined using a>97% sequence similarity threshold. We

munities of urine samples in the LSUS group (p=0.047).

microbiota on the genital skin of patients with LSUS.

compared the differences in alpha diversity, beta diversity, and microbial structure between the two groups.

Results Whether in swab or urine samples, there was no significant difference in alpha diversity between the two
groups. Swab samples showed a significant difference in beta diversity (p=0.001). For all individuals, composition
analyses showed that the most abundant phyla were Actinobacteria, Firmicutes, Proteobacteria, and Bacteroidetes

in both samples. Additionally, the microbial communities of swab samples were significantly more similar to the com-

Conclusions Microbiota showed significant variation between LSUS and non-LSUS groups, suggesting that micro-
ecological imbalance may be closely related to the occurrence of LS. Urinary irritation may be related to the unique
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Introduction

Lichen sclerosus (LS) is a chronic dermatosis that has a
predilection for the anogenital region. In male patients,
it often starts from the external genitalia and can develop
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into the urethra, leading to severe urethral stricture. The
prior report showed that 10% of male urethral stricture
was caused by LS [1]. There are currently three hypoth-
eses related to the pathogenesis of LS to be verified:
infection, autoimmunity, and chronic irritation. All the
theories lead to micro-damage to the genital skin which
will induce chronic inflammation and finally cause LS [2—
5]. However, direct evidence of how LS occurs and devel-
ops is still lacking.

At present, major research primarily focuses on the
relationship between microbiota and human health. In
prior studies, microbiota exhibited a systemic impact.
Disorders of the gut microbiota can cause arthritis,
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metabolic disease, inflammatory bowel disease, and so
on. The skin microbiota is associated with the occurrence
of atopic dermatitis, psoriasis, acne, and hidradenitis
suppurativa. Low-level inflammation is often the result
of microecological disturbances. Back to the urinary sys-
tem, mounting evidence has shown that specific microbi-
ota also colonizes the urinary tract. A variety of diseases
including urinary incontinence, urinary tract infection,
and interstitial cystitis have been proved to have a rela-
tionship with urinary microbiota to a certain extent
[6-8]. Considering the inflammatory nature of LS, we
reasonably speculate that the occurrence of LS is closely
related to the microbiota.

In this research, we collected urine and balanoprepu-
tial swab samples from patients with LS urethral stric-
ture (LSUS) and non-LS urethral stricture (non-LSUS)
and compared the microbiota. We assume that differ-
ences can be found in microbial diversity and structure
between the two groups.

Materials and methods

Patient selection

From 2021, patients who presented for anterior urethral
stricture at the outpatient department and met the crite-
ria were prospectively included. Including criteria were as
follows: male patients with anterior urethral stricture and
clinical manifestations of LS diagnosed by a professional
reconstructive urologist; male patients with anterior ure-
thral stricture caused by definite etiologies, including
urethral trauma, catheterization, transurethral opera-
tion or surgery and without any suspected clinical mani-
festations of LS. Exclusion criteria included<18 years
old, invasive urogenital operations (<3 months before
study sample collection), history of antibiotic intaking
(<2 weeks before study sample collection), urine culture
before sample collection >100,000 colony forming unit/
mL, combined with posterior urethral stricture, com-
bined with systemic autoimmune disease, inability to uri-
nate spontaneously through the urethra and lack of swab
or urine sample. The study was approved by the ethics
committee of Shanghai Sixth People’s Hospital and indi-
vidual consent was obtained from all the participants.

Sample collection

The samples were collected at the first visit of each
included patient before any intervention. 30 mL mid-
stream urine was collected and centrifuged at 12,000 g at
4 °C for 15 min [9, 10]. 1-2 mL supernatant was left to
be suspended with the sediment, and the suspension was
stored at —80 ‘C for 16S rDNA sequencing. Disposable
sterile and DNA-free swabs were rubbed on the patients’
penile glans and inner plate of prepuce circularly 30
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times. The heads of swabs were cut and stored at —80 ‘C
for sequencing.

16S rDNA sequencing

Total genomic DNA was extracted using MagPure DNA
LQ Kit (Magen Biotech, Guangzhou, China) follow-
ing the manufacturer’s instructions. Briefly, after adding
750ul lysis buffer and mixing, the cells were lysed using
Fastpreps 24 (6.5 m/s twice for 45 s) and incubated at 65
°C for 10 min. Samples were then centrifuged at 12,000 g
for 5 min and the supernatant was collected. After using
MagPure magnetic beads to bind DNA, the beads were
separated on a magnetic stand and the supernatant was
removed. Then, the beads were washed twice with wash
buffer. Finally, the purified DNA was eluted in 100 pl of
elution buffer and the concentrate was detected by Nan-
oDrop 2000C spectrophotometer (Thermo Fisher Scien-
tific, Waltham, USA).

The 16S rRNA gene amplicon library was generated by
two consecutive PCR amplifications. In the first round,
the variable region (V3-V4) of the 16S rRNA gene was
amplified with universal primers 343-F and 798-R (343-
F: 5-TACGGRAGGCAGCAG -3" and 798-R: 5-AGG
GTATCTAATCCT-3’) [11]. After each round of PCR, the
products were detected by agarose gel electrophoresis
and purified using AMPure XP magnetic beads (Beck-
man Coulter, California, USA). After the second round,
the products were quantified using the Qubit dsDNA
Assay Kit (Life Technologies, Delhi, India). Extraction
and PCR negative controls were included in all steps to
assess potential DNA contamination.

Equal amounts of purified amplicon were pooled for
subsequent sequencing with the Illumina Mi-seq plat-
form (Illumina, San Diego, California, USA). After
obtaining the raw data, the paired-end reads were
trimmed with Trimmomatic software and then assem-
bled with FLASH software [12, 13]. Chimeric sequences
were detected and removed with UCHIME [14]. The
obtained clean reads were clustered to generate opera-
tional taxonomic units (OTUs) by Vsearch software with
97% similarity cutoff [15]. The representative read of each
OTU was selected by the QIIME package [16] and anno-
tated and blasted against the Silva database (Version 138)
by the RDP classifier [17] with a confidence threshold of
70%.

Alpha diversity, beta diversity, community structure,
and differential species of the two groups were analyzed.
We used four indexes to characterize alpha diversity:
Chao 1 index [18], Shannon index [19], Simpson index
[20], and Good’s coverage index. The microbial difference
between individual patients’ swabs and urine was calcu-
lated by the Bray—Curtis distance, referred to as swab-
urine distance.
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Statistical analysis

Patient characteristics were compared by Student’s
t-tests, Mann—Whitney U test, or Fisher’s exact test
respectively for normally distributed continuous vari-
able, non-normally distributed continuous variable, and
categorical variable. Wilcoxon signed-rank test was used
to compare the differential species and alpha diversity.
Analysis of similarities (ANOSIM) was used to compare
the difference in beta diversity which was calculated
in weighted unique fraction metric (UniFrac) distance
and presented by principal coordinate analysis (PCoA)
between groups. The statistical difference in swab-urine
distance between the two groups was tested by the
Mann—Whitney U test.

Results

From 2021 to 2023, eighty-seven patients were enrolled,
of which 26 patients were excluded. Nine patients were
excluded due to lacking complete sample sets, five
patients due to urinary infection, four patients due to a
history of antibiotic use, four patients due to inability to
urinate spontaneously through the urethra, two patients
due to confirmed urethral squamous carcinoma and
two patients due to being under 18 years of age. Finally,
thirty-one patients in the LSUS group and 30 in the non-
LSUS group were included in this study. Patients’ aver-
age age is 49.1 (20-88) years old. The median body mass
index of the patients is 23.7 (17.1-42.3). All the included
patients had suffered from the urethral stricture for more
than half a year (0.5-41.0). No statistical difference was
found in patients’ characteristics (Table 1).

Table 1 The characteristics of patients in two groups
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The urethral stricture segment was confirmed by ure-
thrography and intraoperative findings (Table 1). The
urethral meatus was affected in all the patients of the
LSUS group. The stricture further affected the penile and
bulbar urethra in 14 and 11 patients respectively. In the
non-LSUS group, three patients had only urethral mea-
tus stricture. Twelve and fifteen patients had penile and
bulbar urethral stricture. Urethroplasty was performed
on 56 patients (Table 1). Among the five patients who did
not undergo urethroplasty, two underwent direct vision
internal urethrotomy, one underwent cystostomy, await-
ing further urethral reconstruction, and two declined
surgical treatments.

A total of 122 samples were sequenced, with an equal
split between swab and urine samples. The quality
assessment of 16S rDNA sequencing is shown in Fig. 1.
The average length of valid tags was 385.44 ~425.99 bp
and the number of OTUs in each sample was distrib-
uted between 141 and 3860. The median Good’s cover-
age index of all four groups was 0.99. The median Chao
1 index, Shannon index, and Simpson index of swab and
urine samples showed the approximate level between the
two groups (Table 2). No significant difference was found
in any of the index in alpha diversity between the LSUS
patients and non-LSUS patients.

However, significant differences in beta diversity were
observed in the swab samples between the LSUS and
non-LSUS groups. The results of the ANOSIM showed
that the R-value was 0.121 (>0) and the p-value was
0.001, indicating that the variation between groups was
significantly higher than the variation within groups in
swab samples (Fig. 2A). While the R-value of the urine

Demographic and medical characteristics Group p
LSUS Non-LSUS

Age, mean (Year, Range) 488 (27-77) 494 (20-88) 0.881

BMI, median (Kg/m?, Range) 23.7 (20.1-42.3) 23.7(17.1-31.6) 0.237

Course of stricture, median (Year, Range) 6.0 (1-41) 3.3(0.5-29) 0.103

Urethral stricture segment, n (%)

Urethral meatus 6 (19) 3(10) 0422

Penile urethra 14 (45) 12 (40)

Bulbar urethra 11(35) 15 (50)

Surgical approach, n (%)

Augmentation urethroplasty 20 (65) 12 (40) N/A

Anastomotic urethroplasty 0 11(37)

Meatotomy 6(19) 2(7)

Perineal urethrostomy 5(16) 0

Direct vision internal urethrotomy 2(7)

No sugery 3(10)

LSUS lichen sclerosus urethral stricture, BMI body mass index
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Fig. 1 The quality assessment of 165 rDNA sequencing data. A and B show the frequency and density of sequence length distribution. The
sequence length is concentrated between 400 and 450 bp. C shows the proportion of valid tags and chimeras in the sequences of each sample

Table 2 The median of alpha diversity index in each type of
samples

Alpha diversity index Group

LSUS-S Non-LSUS-S LSUS-U Non-LSUS-U

Chao 1 index 1182.77 104298 1403.13 1231.39
Shannon index 4.89 4.24 5.55 5.87
Simpson index 0.88 0.88 091 0.92
Good’s coverage index  0.99 0.99 0.99 0.99

LSUS lichen sclerosus urethral stricture, S swab, U urine

samples was —0.012 (p=0.691) which denied the differ-
ence (Fig. 2B). Additionally, within the two groups, signif-
icant differences in beta diversity were observed between
swab and urine samples (LSUS: R=0.173, p=0.001; non-
LSUS: R=0.437, p=0.001) (Fig. 2C/D).

For all individuals, Actinobacteria, Firmicutes, Proteo-
bacteria, and Bacteroidetes showed the highest abun-
dance in both samples (Fig. 2E). Differences in taxonomy

have been found in swab and urine samples between the
LSUS and non-LSUS (Table 3). For swabs, the abundance
of four phyla was significantly different, including Act-
inobacteriota, Proteobacteria, NB1-j, and Cyanobacteria.
For urine, only RCP2-54 showed a significant difference.
At the genus level, sixty-two and forty-tour genera
showed statistical differences in abundance between the
two groups. For swabs, Acinetobacter, Pseudomonas, and
Mycobacterium were significantly more abundant in the
LSUS group (p=0.001/0.009/0.047). In contrast, Nega-
tivicoccus, Corynebacterium, Finegoldia, Peptoniphilus,
and Varibaculum showed significantly decreased abun-
dance (p=0.001/0.002/0.002/0.002/0.002). For urine,
the Pseudomonas, Cellvibrio, and Rubrobacter increased
(»p=0.006/0.033/0.036), and the Ezakiella, Parvimonas,
and Peptoniphilus (p=0.003/0.017/0.048) showed a
reduction in the LSUS group.

We also compared the microbial composition of indi-
vidual swab and urine samples between the two groups.
The results showed that the swab-urine distance was
significantly smaller in the LSUS group, which meant
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Fig. 2 Results of microbiota sequencing. A/B/C/D show the beta diversity among the four types of samples. E shows the relative abundance
of the top 15 bacterial phyla in four types of samples. F shows the swab-urine distance between the two groups. LSUS, lichen sclerosus urethral

stricture

Table 3 Number of differentially expressed taxa in different

taxonomy levels

Taxonomy Group

Swab Urine
OTUs 306 224
Phylum 4 1
Class 10 3
Order 21 12
Family 36 23
Genus 62 44
Species 17 88

OTU Operational taxonomic unit

the communities of swab samples were significantly

more similar to the communities of urine samples in the
patients of the LSUS group, compared to the non-LSUS
group (Fig. 2F). Subsequently, we listed the dominant
genera (relative abundance >0.01) in the urine microbiota
of the LSUS group and compared the relative abundance
of these genera in the swab microbiota between the two
patient groups (Table 4). Results showed that in six-
teen dominant genera, thirteen genera had higher mean

Table 4 The list of dominant genera in LSUS urine samples and
the differences in relative abundance of swab samples between

two groups
Dominant Relative Abundance P
Genera

LSUS-Urine LSUS-Swab Non-LSUS-

Swab

Escherichia- 0.1668 0.0602 0.0237 0.847
Shigella
Ralstonia 0.0704 0.0477 0.0074 0.183
Prevotella 0.0575 0.0475 0.0844 0.349
Muribaculaceae  0.0530 0.0325 0.0382 0.988
Enterobacter 0.0521 0.0259 0.0083 0.059
Proteus 0.0303 0.0059 0.0002 0.711
Sneathia 0.0276 0.0047 0.0012 0.351
Lactobacillus 0.0229 0.0482 0.0123 0.118
Pseudomonas 0.0191 0.0026 0.0012 0.009*
Bacteroides 0.0161 0.0120 0.0169 0.982
Mycoplasma 0.0145 0.0012 0.0011 0.023*
Citrobacter 0.0145 0.0075 0.0015 0.167
Bifidobacterium  0.0117 00113 0.0017 0.108
Streptococcus 0.0113 0.0260 0.0051 0.062
Enterococcus 0.0105 0.0024 0.0010 0.031*
Gardnerella 0.0102 0.0026 0.0025 0.366

LSUS lichen sclerosus urethral stricture; * means p <0.05
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relative abundance in swab samples of the LSUS group.
Pseudomonas, Mycoplasma, and Enterococcus showed
significant differences (»p =0.009/0.023/0.031).

Discussion

To our knowledge, this study is the first combined com-
parative study of the external genital skin and urine
microbiota in male urethral stricture patients with versus
without LS. Studies on the relationship between microbe
and pathogenesis of LS have already existed. Microor-
ganisms including Borrelia burgdorferi [3], human papil-
lomavirus (HPV) [21], and Human gammaherpesvirus 4
(Epstein-Barr virus, EBV) [22] were considered to be the
related pathogens. LS was once suspected to be related
to Borrelia burgdorferi because of the similar clinical and
histological features to chronic atrophic acrodermatitis.
However, the detection rates of Borrelia burgdorferi in
LS varied greatly (0-100%), and there is a lack of mecha-
nistic evidence to support it [23, 24]. HPV infection was
also considered to be the cause, especially in pediatric
and female patients [23]. While subsequent studies pre-
sented contradictory findings that failed to support the
correlation in male patients [25, 26]. The role of EBV was
not supported by strong clinical evidence either. There-
fore, up to now, the pathogenesis of LS caused by a single
pathogen infection has not been determined. This study
focuses on the changes in local microecology rather than
a single pathogen and tries to explain the pathogenesis by
the imbalanced microbiota.

Alpha diversity generally refers to the mean species
diversity in the biological environment, which consists
of Richness (number of species in the sample) and Even-
ness (density of each species in the sample) [27]. From
the Good’s coverage index, approximately 99% of the
total species in our samples were represented by the
sequencing which meant the sequencing depth was high
and sufficient. Our Chao 1, Shannon, and Simpson index
showed no statistical difference in the microbiota rich-
ness and diversity between the two groups which were
consistent with the previous studies. Cohen et al. [28]
reported that microbiota richness, evenness, and Faith’s
diversity were insignificantly higher in the urine of the
LSUS group than in the non-LSUS group (p=0.076/0.36
/0.058). Watchorn et al. [29] also reported similar levels
of the Shannon index in balanopreputial swab and urine
samples from patients with LS and healthy controls (2.61
vs. 2.17, p=0.2; 2.38 vs. 2.33, p=1). Although the data
from Jamil et al. [30] show a significant higher Shan-
non index in the urine samples of pre-operative patients
with LSUS compared to non-LSUS. It remains difficult
to explain the mechanism of LSUS based on changes in
alpha diversity.
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However, we did find significant differences in the
beta diversity of swab samples between the LSUS and
non-LSUS groups. It showed in different statistical
methods, including Bray—Curtis distance (R=0.125,
p=0.001), Euclidean distance (R=0.033, p=0.031),
and weighted Unifrac distance (Table 5). These results
indicate the differences in microbial existence, abun-
dance, and evolutionary relationships of the genital
skin between the two groups. The same trend of beta
diversity was also revealed by Jamil et al. and Watchorn
et al. They reported relatively high variations of micro-
biota composition in urine between preoperative LSUS
and non-LSUS [30], and in balanopreputial sac between
the LS and healthy control groups [29], respectively.

Although there were significant variations in the beta
diversity between the swab and urine samples in both
groups, the variations were significantly smaller in
patients with LSUS. This suggests that the microecol-
ogy of the genital skin in patients with LSUS is more
significantly affected by urine, which also coincides
with the highly probable pathogenesis of LS: micro-
incontinence. In 2002, Owen et al. proposed that geni-
tal LS is closely associated with incontinence[31]. The
majority of male patients with LS reported symptoms
of micro-incontinence (80—-100%) [5, 32, 33]. Increasing
evidences showed that the key pathogenesis of LS is the
irritation of long-term, occlusive exposure of suscep-
tible epithelium to urine [33-35]. The exposure might
be from uncircumcision, trauma, urethral interven-
tion, anatomical defects, and so forth [34]. However, it
remains unclear how this exposure causes the occur-
rence of LS. Czajkowski et al. [33] suggested that urine
might mediate the pro-inflammatory response of penile
skin by stimulating the expression of pro-inflammatory
cytokines genes. Our findings provide a new possibility
for the interpretation of this pathogenesis: the micro-
bial composition of genital skin in patients with LSUS
changes under chronic urine irritation.

Table 5 The ANOSIM results of different statistical methods for
beta diversity in swab samples

Statistical Methods R values p values
Euclidean distance 0.033 0.031
Bray-Curtis distance 0.125 0.001
Weighted Unifrac distance 0.121 0.001
Binary- Jaccard distance 0.034 0.089
Unweighted Unifrac distance 0.013 0.205

R value > 0 indicates that the variation between the two groups is higher than
the variation within each group. P value < 0.05 indicates that the difference is
significant
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Through dominant genus analysis, we could also see
the potential correlation of the microbial composition
between the urine and swab samples in patients with
LSUS. According to our results, three dominant genera in
urine were found with significantly higher relative abun-
dance in the swabs of the LSUS group. Pseudomonas is
considered a bacterial biomarker for seborrheic derma-
titis [36, 37], while it also significantly increased in cor-
neal swabs of patients with atopic keratoconjunctivitis
[38]. Mycoplasma was significantly more abundant in
skin biopsies of patients with vitiligo [39] and inflamed
mucosa tissue biopsies in Crohn’s disease [40]. Entero-
coccus is a common pathogenic genus and is significantly
enriched in the gut microbiota of patients with hidrad-
enitis suppurativa or Crohn’s disease [41]. However, how
these differences trigger genital chronic inflammation
and ultimately lead to LS still requires further study.

This research has some limitations. Firstly, the results
are based on a relatively small sample size from a single
center. A multicenter large sample size study is needed in
the future. Secondly, due to the lack of longitudinal data,
it is difficult to say whether the variation in microbiota
is a cause or a consequence of LS. In addition, this study
sequenced and analyzed only bacteria. Other micro-
organisms, such as fungi and viruses, may also have a
relationship with the development of disease. Therefore,
metagenome sequencing may be necessary for a more
comprehensive analysis of LS-related microbiota in the
future.

Despite these limitations, we mapped the microbiota
of genital skin and urine in LSUS and non-LSUS and
revealed the differences between the two groups in this
study. Meanwhile, it provided a theoretical basis for fur-
ther studies on LSUS and explored the role of microeco-
logical balance in the occurrence of LS.

Conclusion

This study analyzed the microbiota characteristics of
patients with LSUS and non-LSUS and reported a sig-
nificant difference in beta diversity in balanopreputial
swabs between the two groups. It was also found that the
variations between the swab and urine samples were sig-
nificantly smaller in patients with LSUS which suggested
that the micro-incontinence may be related to the change
of the microbial composition on genital skin and play an
important role in the pathogenesis of LSUS.

Abbreviations

LS Lichen sclerosus

us Urethral stricture

oTu Operational taxonomic unit
RDP Ribosomal Database Project
ANOSIM  Analysis of similarities

UniFrac
PCoA

Unique fraction metric
Principal coordinate analysis
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