Microbiome and metabolomic changes associated with HPV clearance in women undergoing local
excisional treatment for cervical intraepithelial neoplasia
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Cervical intraepithelial neoplasia (CIN) is a common gynecological condition often
associated with persistent human papillomavirus (HPV) infections , characterized by
abnormal cell growth on the cervix.

The primary treatment for CIN involves the Loop Electrosurgical Excision Procedure
(LEEP), which effectively removes lesions in most cases. However, some patients do not
achieve HPV negativity even after lesion removal.

Research has indicated that LEEP can alter the cervicovaginal microenvironment,
impacting patient outcomes. While there have been efforts to characterize the
cervicovaginal bacterial communities associated with HPV, the causal relationships
related to HPV clearance failures remain underexplored.

The intratissue microbiota has gained recognition as a crucial component of the tissue
microenvironment, particularly concerning cancers arising from mucosal areas

The cervicovaginal microenvironment includes host-derived and microbially produced
metabolites that may influence HPV status.

This study aims to compare the microbiota of HPV-cleared versus non-cleared CIN
patients post-LEEP and to identify specific microbiota and metabolites associated with
HPYV clearance.

A total of 80 participants, aged 20-50 and diagnosed with either cervical intraepithelial

neoplasia I (CIN I; n = 30, persisting for over 18 months) or CIN II/III (n = 50), were
enrolled.

At 6 months post-treatment, 43 participants completed postoperative follow-up,
including 11 with CIN I and 32 with CIN II/III.

SR 16S rRNA gene sequencing analysis of cervicovaginal secretion and cervical tissue
microbiomes

Non-targeted and targeted metabolomic assessments of the cervicovaginal metabolome
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Figurel Comparison the results of the SR 16S rRNA gene sequencing from cervicovaginal
ecretions and cervical tissue samples.

(A) Study workflow illustrating that participants underwent sequencing of cervicovaginal secretion
and cervical tissue SR 16S rRNA, along with targeted metabolomic analysis of SCFAs and
non-targeted metabolomics, followed by bioinformatic integration of microbiome and metabolome
data. (B—C) Venn diagrams indicating the distribution of shared and unique microbiota at the
phylum level (B) and species level (C). (D) A butterfly diagram showcasing the top 20 bacterial
species from cervicovaginal secretion and cervical tissue samples, with shared species highlighted
in red.

Abbreviations: R, HPV-cleared; NR, HPV non-cleared;

A B C

Species
Pra-NR shannon

[ 0.8 Mann- Wh:tneyu —

p=0048

?‘a’ﬁ ?ds\.""‘?k ‘3\5'@ ,?oe\‘?'

Post-MNR

175 75 117

(=N ]
o
Y

Species

Simpson

PCoAZ (18.24%)
[ =]
(=]

Pre.Ry
ns

|
o
.
Py
L

30

-0.8

* | Pre-NR
[*] Post-NR

[ ] Mann-Whitney U
L p=0.013

Nl = o o
e @ e oo 05 00

I e e N e R ST EETEEEEEA Cluster

l!-%-~-‘-ll _‘l_ Group
Lactobacillus iners 80
- [ | Lactobacillus crispatus
Gardnerella vaginalis
] Streptococcus anginosus &0
1 Lactobacillus jensenii
Phaecspirillurm fulvum
I Ureaplasma urealyticum A0
Ureaplasma parvum .
Streptococcus agalacliae
Lactobacillus gasseri 20
Prevotella melanincgenica
Pseudomaonas mcn eilii
Aerococcus viridan:
Acinetobacter bau mannu 0
Aftopobium vaginae
Granulicatella adiacens
Comamonas kerstersii
Acinetobacter pittii Cluster
f Rothia dentoca'larlosa
5 EEIHO—E?JCI:I;S geu‘harmlalls . clusteri
orynebacienum accalens
= SHB,:IE“‘HE sanguinegans - cluster2

|

r Brevundimonas intermedia

1 Elcmlamonas; wst?steronl E’mUP
icaligenas laacals i N =

- ;sedu omonas moraviensis i" Pre-NR
cidovorax soli Post-NR

l Bacillus thuringiensis

h Pelomonas puraguae Wrer

Micrebacterium paraoxydans .

Faecalibactanum prausnitzi Post-R

Bifidobacterium dentium

Streptococcus gallolyticus

Methylobacterium mesophilicum

Pseudomonas baetica

Brevundimonas bactercides

Acidovorax avenas

Prevotella bivia

Escherichia/Shigella flexnar

Veillonella dispar

Micrococcus [uteus

Curvibacter delicatus

Comamonas denitrificans

Psaudomonas grimontii

Pseudomonas argentinensis

Cerynebaclanum jeikeium

Brachybacterium squillarum

Enterococcus faecium

Prevotella timonensis

Corynebaciernum minutissimum

Species
7 . Lactobacillus_iners
® Lactobacillus”cnspatus
® Gardnerella_vaginalis
Phaesospirllom_fulvum
Lactebacillus_jensenii
® Streptococcus anginosus
= Stfeptophyta Us 1
gmba:lenum Us55
eptococcus, agalactlae
Lacwbacullus 575
= Stenotrophormonas_Us119
u Methylobacterium_DsS
Rubrivivax_Us85
= Burkholdernales _Us1
® Acinetobacter_Ts224
= Acinetobacter_baumannii
Ureaplasma_orealyticum
®u Atopobium_vVaginae
Ureaplasma_parvum
[~ sueptnphyu Us10
= Deinococcus_geothermalis
l Corynebacterlum accalens
= Streéptophyta
Comamonas_| kerstersu
® mitochondria_Us
Prevotella melaninogenica
® Lactobacillis_gassen
lTepu:IlmDn.as s

65' 63‘ 61‘ [] 20 40 60 80 100 - bﬁ ;D;hrlx UsEd
Bray-Curtis distance __Relative abundance

Post-R

— Post-NR

05

PCoA1 (20.68%)

E

1%

Pre-NR @ Cluster | Post-NR

12%

Pre-R Post-R

Post-MNR vs Pre-NR

H

Pseudomonas grimeontii

Phagospirillurn fulvum
Bacillus thuringiensis

Prevotella timonensis
Streptococcus anginosus

Gardnerella vaginalis
Burkhelderia cepacia
Streptococeus infantis
Aerococcus christensenii

=05 0o 05
FPCoAl (26.58%)

89% 100%

E Cluster I

88% 100%

Post-R vs Pre-R

Dialister micraerophilus

Veillonella dispar.

Taxonomic clade

® Actinobactena
© Bacteroidetes
o Firmicutes

@ Protecbacteria

Prevotella bivia

oco0@0@®

Relative abundance

o 0.01
010

Mobiluncus curtisii

c00@e 000 @
°®

[#]
%
P

b
¢ o

Figure2 Analysis of bacterial diversity and composition of cervical tissue pre- and post-LEEP surgery.

(A) Venn diagrams comparing bacterial species before and following LEEP, specifically for pre-NR vs post-NR (top) and pre-R vs
post-R (bottom). (B) Assessment of alpha diversity via Shannon (top) and Simpson (bottom) indices between the sample pairs,
using Mann-Whitney U test for statistical analysis. (C) Beta diversity determined through PCoA based on Bray-Curtis distances
between pre-NR and post-NR (left), as well as between pre-R and post-R (right),with significance evaluated by ANOSIM.

(D) Heatmap illustrating the top 50 bacterial species across 68 samples. (E) Visualization of bacterial clusters within the assessed
groups. (F) Hierarchical clustering on the average proportions of the 30 most abundant species among the four groups based on
Bray-Curtis distances.(G) A Venn diagram representing unique DABs for the R group (Mann-Whitney U test, p < 0.05).

(H) A bubble diagram illustrating eleven DABs identified within the R group.
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Figure3 Metabolic profiling of the cervicovaginal metabolome pre- and post-LEEP surgery

(A) PCA plots based on Bray-Curtis distances for SCFAs comparing pre-NR vs post-NR (top) and pre-R vs post-R (bottom), with
significance derived from ANOSIM. (B) Box plots depicting SCFA levels for comparing pre-NR and post-NR (top), as well as
pre-R and post-R (bottom) before and after LEEP. (C and E) PCA plots for non-targeted metabolomics relating to pre-NR vs
post-NR (C) and pre-R vs post-R (E), assessed for significance via ANOSIM. (D and F) PLS-DA was utilized for comparisons
between pre-NR and post-NR (D), alongside the pre-R and post-R (F), with model validity confirmed through 200 permutations.
(G) Volcano plots display metabolic alterationsbetween pre-NR vs post-NR (left) and pre-R vs post-R (right), with notable
metabolites indicated by red (up) and blue (down) dots based on VIP score and Mann-Whitney U test thresholds. (H) A Venn
diagram showing unique differential metabolites specific to the R group. (I) A bubble chart detailing the 20 enriched KEGG
pathways associated with the different metabolites shown in (H). (J) Heatmap illustrating significantly altered metabolites related

to glycerophospholipid metabolism.

The presence of beneficial Lactobacillus species and the production of SCFAs, particularly acetic acid, were linked to successful HPV clearance;

Certain anaerobic bacteria were more prevalent in patients with persistent infections;

We identified distinct microbial communities and metabolic alterations associated with HPV status, highlighting specific bacterial species and metabolites that may influence the likelihood of HPV clearance.




