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Objective: To explore the correlation of female vaginal microbiota and immune factors with cervical cancer.

Methods: The distribution pattern difference of vaginal microbiota of four groups of women (cervical cancer, HPV-positive CIN,
HPV-positive non-CIN, and HPV-negative groups) were compared by microbial 16S rDNA sequencing. The protein chip was used to
detect the composition and changes of the immune factors in the four groups.

Results: Alpha diversity analysis demonstrated that the diversity of the vaginal microbiota was increased as the disease develops.
Among those bacteria abundant in the vaginal microbiota, Lactobacillus, Prevotella, and Gardnerella dominate at the genus level of
vaginal flora. Compared with the HPV-negative group, the differentially dominant bacteria, such as Prevotella, Ralstonia, Gardnerella
and Sneathia, are enriched in the cervical cancer group. Likewise, Gardnerella, Prevotella, and Sneathia are more in the HPV-positive
CIN group, while Gardnerella and Prevotella in the HPV-positive non-CIN group, respectively. In contrast, Lactobacillus and
Atopobium are dominant in the HPV-negative group (LDA>4log10). The concentration of inflammatory immune factors IP-10 and
VEGF-A were increased in the cervical cancer group (P < 0.05), compared with other groups.

Conclusion: The occurrence of cervical cancer is related to an increase of vaginal microbiota diversity and up-regulation of
inflammatory immune factor proteins. The abundance of Lactobacillus was decreased while the one of Prevotella and Gardnerella
were increased in the cervical cancer group, compared with other three groups. Moreover, the IP-10 and VEGF-A were also increased
in the cervical cancer group. Thus, evaluation of changes in the vaginal microbiota and these two immune factor levels might be
a potential non-invasive and simple method to predict cervical cancer. Furthermore, it is significant to adjust and restore the balance of
vaginal microbiota and maintain normal immune function in preventing and treating cervical cancer.
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Introduction

Cervical cancer (CC) is the fourth most common cancer globally and the fourth leading cause of cancer death in women,

with an estimated 604,000 new cases and 342,000 deaths worldwide in 2020,' about 28% of the globally new cases occur

in China.” Persistent infection with high-risk human papillomavirus (HR-HPV) is the major cause of cervical cancer.”
Recent studies have shown that the vaginal microbiota plays a key role in the persistent infection of HPV and the

development of cervical cancer. HPV infection can lead to a disorder of the vaginal microbiota,® '® increasing the risk of

cervical cancer.!*!?

13.14 and the imbalance of

Other data indicate that vaginal microbiota also plays a vital role in regulating immune response,
vaginal microbiota can easily cause the disorder of the vaginal and cervical cell cycle and the destruction of immune defense
function.'*'® Over time, this immune disorder may develop into a chronic inflammatory state, increasing proinflammatory
cytokines and accelerating the occurrence and development of cervical lesions and cervical cancer.'”'® Various inflammatory

cytokines, including IFN-y,%° TGF-B1,%! IL-2,? IL-6,% IL-10,%*** and IL-12.?* have different trends in different degrees of
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cervical lesions and have certain predictive significance for disease progression and prognosis. However, no single factor with
significant change and clear guiding significance for treatment exists among these various factors.

Therefore, we hope to find the vaginal microbiota and immune factors closely related to the occurrence and
development of cervical cancer by exploring the changes in vaginal microbiota and immune factors in different
populations and analyzing the influence of vaginal microbiota and immune factors in the vaginal microecology, so as
to provide a reference for the prevention and treatment of cervical cancer.

Materials and Methods

Subjects

A total of 320 female patients who underwent gynecological examination in the First Affiliated Hospital of Chongqing
Medical University in China from January 2021 to May 2021 were selected as subjects. Inclusion criteria: (1) over 20
years old, with sexual behavior; (2) patients did not use antibiotics and vaginal flushing within one month; (3) patients
had no sex life in the last week; (4) signed written informed consent. Exclusion criteria: (1) in pregnancy or lactation; (2)
in the menstrual period; (3) with long-term use of gonadal hormone; (4) history of cervical surgery; (5) long-term use of
immunosuppressants or corticosteroid hormones. According to the cervical cancer screening tests (HPV testing and
ThinPrep liquid-based cytology test (TCT)) and biopsy pathology, the subjects were divided into the cervical cancer
group (CC, n = 80), the HPV-positive CIN group (CIN, n = 80), the HPV-positive non-CIN group (Ctrl HPV (+), n = 80)
and the HPV-negative group (HPV negative with normal cytology, Ctrl HPV (-), n=80). However, the construction of the
sample library has failed in 3 cases, one case in the CC, one case in the CIN, and one case of Ctrl HPV(-). Cell samples
were collected in 2.5 mL of cell preserve solution (Tellgen Corporation, Shanghai, China) for HPV DNA testing. The
TellgenplexTM HPV DNA Test can identify 27 HPV types, including 14 HR-HPV (HPV16, 18, 31, 33, 35, 39, 45, 51,
52, 56, 58, 59, 66, and 68). This trial was registered at the Chinese Clinical Trial Registry (www.chictr.org.cn) (trial
registration number ChiCTR2200060479, First registration time: 03 / 06 / 2022).

Vaginal Secretion Samples

The vagina is exposed with a sterile speculum and a sterile swab is placed on the lateral wall of the vagina in the
posterior vaginal fornix and rotated repeatedly to fully absorb the secretions. The sterile swab was carefully removed,
placed back into the collection tube, and quickly transferred to —80°C for subsequent detection of the vaginal microbiota.
After collecting the vaginal secretions, 16S rDNA sequencing was performed by Longsee biomedical corporation, China.

DNA Extraction and 16S rDNA Sequencing

DNA was extracted by using DNA extraction kits (Longsee biomedical corporation, China). Extracted DNA was
amplified by PCR to construct a sequencing library targeting the V3—V4 region of the bacterial 16S rRNA gene. PCR
reactions were performed using 11.5uL of DNA template, 12.5uL of 2X Kapa HiFi Hotstart ready mix, 0.5uL of 10uM
primers 341F (5'-CCTACGGGNGGCWGCAG-3’) and 785R (5-GACTACHVGGGTATCTAATCC-3'). The PCR pro-
ducts were sequenced using the Illumina® MiSeq platform.

Sequencing Data Analysis

Bioinformatic analysis of the bacterial 16S rDNA amplicon data was conducted using a custom QIIME2 software
pipeline (https://qiime2.org). The main analyses include Alpha diversity analysis, analysis of the relative abundance of
the vaginal microbiota, and LEfSe (Linear discriminant analysis Effect Size) analysis.

Serum Samples

A 5mL blood of peripheral blood of the subjects was extracted using blood vessels without anticoagulant. After resting
the collecting vessels vertically for half an hour, the serum was isolated using an overspeed centrifuge. Subsequent serum
immune factors detection was performed.
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Immune Factor Detection

The amount of immune factors in serum was quantitatively measured using a protein chip (Human Cytokine Factor Panel
1 kit, ThermoFisher). A total of 320 patients’ serum samples were divided into 4 groups, with 80 samples each. In each
group, every 20 samples were pooled as a larger group sample and used for the detection of the content of immune
factors comprehensively. A total of 45 immune factors were detected, including nuclear factor (NF)-xB, tumor necrosis
factor, interleukin (IL-6), IL-8, macrophage inflammatory protein 3, IL-1a, IL-1p, interferon, etc. The detection steps
included antigen curing, antigen—antibody reaction, marker color development, reading reader, and result determination.

Statistical Analysis

Since microbial abundance data are usually not normal statistics, we analyzed using the nonparametric test (Kruskal—
Wallis H-test). Two independent sample #-test was used to compare the measurement data satisfying normality, and
Kruskal-Wallis Rank Sum Test and ANOVA test was used for multigroup continuous variables. Statistical significance
was indicated by p values < 0.05.

Results
The Cervical Cancer Group Has the Highest Microbial Diversity

The patient characteristics and demographic information are summarized in Table S1. The mean age of each group was
54.1 £ 10.5 years in the CC group and 39.3 + 9.6 years in the CIN group, the Ctrl HPV (+) group was 43.3 + 11.2 years,
and in the Ctrl HPV (-) group 40.4 £ 10.2 years. Specifically, the age distribution was significantly different between the
CC and the Ctrl HPV (-) groups (£<0.001). BMI did not significantly differ among the groups (P>0.05). Microbiota
diversities in the samples were characterized using o diversity analysis, represented by different diversity indexes
including Shannon, Simpson, Observed OTUs, Chaol, and Pielou evenness (Figure 1). Compared with the ones of
Ctrl HPV (-) group, these 5 indexes in the CC, the CIN, and the Ctrl HPV (+) groups are significantly higher (P<0.05),
and the ones in the CC group are the highest, which suggests that the CC group carries the highest microbial diversity
and the lowest dominant species. There is minimally, if any, difference of these values between the CIN group and the
Ctrl HPV (+) group (Table 1). In addition, the diversity of vaginal microbiota is increased upon the disease stages, while
the diversity of dominant species is decreased with the severity of the disease.

With the Severity of Cervical Lesions, the Abundance of Firmicutes Decreased and

the Abundance of Bacteroidetes Increased

To specify composition of the microbial colonies of each group, we analyzed the relative abundance of the vaginal
microbiota in the four groups. Figure 2a shows that Firmicutes, Bacteroidetes, Actinobacteria, and Proteobacteria are
dominant in these four groups at the phyla level. Among them, the relative abundance of Firmicutes was the lowest in the
CC but the highest in the Ctrl HPV (-), and inbetween for the CIN and the Ctrl HPV (+) group. Of note, the relative
abundance of Firmicutes is decreased as the disease stage goes by. Besides, the differences between the CIN and the Ctrl
HPV (+) are not statistically significant (Figure 2b). On the contrary, the relative abundance of Bacteroidetes is increased
gradually with the aggravation of lesions (Figure 2c). Different from Firmicutes and Bacteroidetes, the relative
abundance of Actinobacteria is higher in the CIN and the Ctrl HPV (+) than the Ctrl HPV (-) (Figure 2d), suggesting
that HPV infection might be responsible for this change in Actinobacteria. Lastly, Proteobacteria were the only dominant
in CC when compared to Ctrl HPV (-) (Figure 2¢), which indicates that Proteobacteria has an upward trend in the later
stage of lesions.

Abundance Changes of Lactobacillus, Prevotella and Gardnerella Upon the Severity of
Cervical Lesions
The main strains of the vaginal microbiota were mainly Lactobacillus, Prevotella, and Gardnerella at the genus level for

the four tested groups (Figure 3a). The features of the relative abundance of Lactobacillus were largely consistent with its
behavior at the phylum level (Firmicutes), eg the lowest in the CC, the highest in the Ctrl HPV (-) (Figure 3b). The
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Figure | The a-diversity of vaginal microbiota in the four groups. (a) Shannon; (b) Simpson; (c) Observed OTUs; (d) Chaol; (e) Pielou_e. Larger values indicate greater
sample diversity; *p < 0.05, *p < 0.01, **p < 0.001, Np > 0.05.

Abbreviations: Shannon, quantitativeification of microbiota richness and equilibrium, the more sensitive to richness, the greater values, and the greater sample diversity;
Simpson, qualitative measurement of microbiota richness; Observed OTUs, qualitative measurement of microbiota richness. Larger values indicate greater sample diversity;
Chaol, A measure of species richness, which is independent of abundance and uniformity, but is sensitive to rare species; Pielou_e, measures of microbiota uniformity,
higher values indicate greater uniformity of the microbiota (less dominant species); CC, cervical cancer; CIN, HPV-positive CIN; Ctrl HPV (+), HPV-positive non-CIN; Ctrl
HPV (-), HPV-negative.

990 https: International Journal of Women’s Health 2023:15

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Li et al

Table | The Statistics of the a-Diversity Analyses

Comparison Among Groups Shannon Simpson Observed Chaol Pielou_e
(P value) (P value) | OTUs (P value) | (P value) | (P value)
CC vs Ctrl HPV (-) <0.01 <0.01 <0.01 <0.01 <0.01
CIN vs Ctrl HPV (-) <0.01 0.022 <0.01 <0.01 <0.05
Ctrl HPV (+) vs Ctrl HPV (-) <0.01 <0.01 <0.01 <0.01 <0.01
CCvs CIN <0.01 <0.01 <0.01 <0.01 <0.01
CC vs Ctrl HPV (+) <0.01 <0.01 <0.01 <0.01 <0.01
CIN vs Ctrl HPV (+) 0.057 0.072 0.604 0.590 0.055
CC vs CIN vs Ctrl HPV (+) vs Ctrl HPV (-) <0.01 <0.01 <0.01 <0.01 <0.01

Note: Statistical significance was indicated by p values < 0.05.

relative abundance of Prevotella was also reflected by its phylum level of Bacteroidetes. This relative abundance is
increased gradually with the aggravation of the lesion degree (Figure 3c). For Gardnerella, it is similar to Actinobacteria.
The Gardnerella abundance levels in the CC, the CIN, and the Ctrl HPV (+) are higher than the ones in the Ctrl HPV (-),
with a statistical significance of P < 0.05. We found that the relative abundance of Gardnerella in the CC is lower than in
the CIN (Figure 3d). In addition, Afopobium, as a genus of Actinobacteria, has a higher presence in the Ctrl HPV (-) than
in the other three groups. Only the comparison between the Ctrl HPV (+) and the Ctrl HPV (-) was statistically
significant, but not others (Figure 3e). This might be related to transient changes in the vaginal microecological
environment caused by HPV infection, insufficient sample size, or individual differences.

The Cervical Cancer Group Has the Most Significant Number of Unique Microbiota
To evaluate the similarities in the datasets, the number of shared or unique microbiota was compared among the groups.
The four groups share 31.4% (370/1200) of the identified microbiota, and the cervical cancer group has the most
significant number of unique microbiota (14.8%, n=175) (Figure 4). This result supports the result of o diversity analysis.

The Differential Dominant Bacteria Features in the Four Groups

Linear discriminant analysis Effect Size (LEfSe) analysis was used to characterize the potential microbial markers with
specific disease phenotypes. Firstly, a large number of differential bacteria were identified by setting the threshold for the
logarithmic LDA model score of the discriminating features to 2.0 (Figures S1 and S2). To improve the significance of
our analysis, LDA cut-off score was reset to 4 to select differential bacteria for further discussion at phylum or genus
levels. When compared with the Ctrl HPV (-), the differential dominant bacteria in the CC mainly include Bacteroidetes,
Proteobacteria, ODI, Fusobacteria, and Tenericutes at the phylum level (Figure 5a); and Prevotella, Ralstonia,
Gardnerella, Sneathia, Peptostreptococcus, Ureaplasma and Porphyromonas at the genus level (Figure 5Db).
Differently, the differential dominant bacteria in the CIN mainly include phylum-level Actinobacteria, Bacteroidetes,
and Fusobacteria (Figure 5¢); and genus-level Gardnerella, Prevotella, Sneathia and Streptococcus (Figure 5d). As the
control, the Ctrl HPV (-) carries Firmicutes at the phylum level (Figure 5a and c) and Lacfobacillus at the genus level
(Figure 5b and d). For the Ctrl HPV (+), the differential dominant ones are mainly Actinobacteria and Bacteroidetes at
the phylum level (Figure Se); and Gardnerella and Prevotella at the genus level (Figure 5f). The Ctrl HPV (-) is still
represented by Firmicutes (Figure 5e), or Lactobacillus and Atopobium (Figure 5f). In summary, our data shows that the
CC has the most differential dominant bacteria and the most unique microbiota the CIN and the Ctrl HPV (+) have
similar differential dominant bacteria, with no obvious differences between the two groups, in consistent with the results
of a diversity analysis.

Comparison of Vaginal Immune Factors in Different Groups
For each tested group, 80 patients’ blood samples were assayed by protein chip analysis. To simplify the process, every
20 samples were pooled as a mixed new sample for the detection of the immune factors comprehensively (Figure 6a). We

International Journal of Women’s Health 2023:15 https: 991
Dove!


https://www.dovepress.com/get_supplementary_file.php?f=406596.docx
https://www.dovepress.com/get_supplementary_file.php?f=406596.docx
https://www.dovepress.com
https://www.dovepress.com

Li et al

Dove

(a) 10
0.8
- Firmicutes
W Actinobacteria
8 B Bacteroidetes
<€ 0.6
§ . - Proteobacteria
S N Fusobacteria
2 = OD1
Q - Tenericutes
"_.-a 04 Cyanobacteria
&, . s T™M7
Synergistetes
other
02
0.0
o z z Q
z z © °
I I
= =
S 3
(b) (c)
1.25 = il
o
.
NS. 04 f 1
— .
. NS.
1.00 7 ; [ —
. .
" I 1
—_— o
8 03 f 1
5075 group % group
o °
) 1 )
g W cuvevo g M crveve
a CtrlHPV (+) < CtrlHPV (+)
2 B on Loz B on
© 050 2
% cc < cc
4 4
025 0.1
CtrlHPV (-) Ctrl HPV (+) CIN cc CtrlHPV (-) CtrlHPV (+) CIN cc
p__Firmicutes p__Bacteroidetes
@ ... (e)
’ NS. 0.4 o
NS.
r | -
NS. r 1
0.4  — NS
NS. 034 1
f - ! Hekk
g r 1 ® ! 1
€ 0.31 * group é NS. group
[ —
f
2 W cveve 2 B cuvevo
3
2 M cureve 802 —Ns. B coreven
o
> CIN o
£ 021 . % . cIN
5 cc 3 cc
o 1 &
0.1
0.1
ClHPV()  CUHHPV(+) CIN cc CtlHPV () CtlHPV (+) CIN cc

p__Actinobacteria

p__Proteobacteria
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Figure 4 Number of unique and shared microbiota among the four groups.
Abbreviations: CC, cervical cancer; CIN, HPV-positive CIN; Ctrl HPV (+), HPV-positive non-CIN; Ctrl HPV (-), HPV-negative.

found that the most significant immune factors are IP-10 and VEGF-A (Figure 6b and Table 2). The differential
comparison of IP-10 and VEGF-A in the CC versus the CIN, the Ctrl HPV (+), and the Ctrl HPV (-) were illustrated,
respectively, in Figure 6¢. Of note, the concentration of IP-10 and VEGF-A are significantly higher in the CC than in any
other group. However, no significant immune factors were found in the CIN or the Ctrl HPV (+) versus the Ctrl HPV (-),
and the CIN versus the Ctrl HPV (+) (Figure 6¢ and Table 3). This indicates that the immune factors in the body change
little before the stage of cervical cancer, while the overall immune state of the body is significantly changed at cervical
cancer stage, during which IP-10 and VEGF-A are significantly upregulated. Current studies have not denied that HPV

infection and precancerous lesions may cause changes in local immune status.

Discussion

Homeostasis of vaginal microbiota and local immune systematic changes play a vital role in cervical cancer develop-
ment. Our study demonstrated that the microbial diversity increases along with the progression of cervical lesions. We
determined the relative abundance of bacteria at different stages of cervical cancer. The cancer stage has the highest
microbiota diversity and that Lactobacillus, Prevotella, and Gardnerella dominate the cervix and vagina flora of women
with different health statuses. Of them, cervical cancer favors Prevotella but not Lactobacillus. Meanwhile, high
abudance of Gardnerella is observed in cervical cancer. This finding is supported by previous literature that the vaginal

2627 and increased severity of lesions.?** In addition,

microbial diversity is closely related to HPV persistent infection
high levels of immune factors IP-10 and VEGF-A are shown to be tightly associated with cervical cancer progression.

Prevotella peaked in the cervical cancer group. This raised the question whether changes of immune factor expression
is induced by Prevotella. Previous studies have linked the relative abundance of Prevotella to various inflammatory
disorders such as bacterial vaginosis, periodontitis and rheumatoid arthritis.** ' It is suggested that Prevotella-rich
environments stimulate dendritic cells (DC) to release interleukin-1b (IL-1b), IL-6, and IL-23.?* Another factor to impact
immune factors is Lactobacillus, which plays a protective role in the outcome of cervical cancer.>* > In vitro studies
have shown that certain Lactobacillus species can temper inflammation by reducing IL-6, IL-8, and TNF-a secretion.'?

Our protein chip analysis did not identify those cytokines. Instead, we have shown that IP-10 and VEGF-A are correlated
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Abbreviations: CC, cervical cancer; CIN, HPV-positive CIN; Ctrl HPV (+), HPV-positive non-CIN; Ctrl HPV (-), HPV-negative.

with cervical cancer progression. The relation of these two with Prevotella or Lactobacillus will be tested in our future
studies using bacteria-treated cervical cancer cells.

The abundance of Gardnerella was the highest in the HPV-positive CIN group. Although Gardnerella did not reach
the peak in the cervical cancer group, the abundance of Gardnerella increased significantly after HPV infection, and

Gardnerella is closely related to the occurrence and progression of B

\/,36,37

so it is undeniable that Gardnerella still plays

a vital role in the progression of cervical cancer. The increase in Gardnerella is strongly associated with HPV infection.
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Table 2 Comparison of Vaginal Immune Factors in Different Groups

Index CcC CIN Ctrl HPV Ctrl HPV P value P value FDR_Kruskal- | FDR_Anova
(pg/mL) (pg/mL) | (+) (pg/mL) | (-) (pg/mL) | (Kruskal-Wallis) | (Anova) Wallis

SDF-1 alpha | 1088.93183 | 1028.18124 | 1017.06697 1021.41544 0.92075 0.65226 0.94772 0.86685
LIF 221299 5.40576 29119 3.78024 0.20704 0.188%96 0.45548 0.4619
IL-1 beta 2.04708 1.92248 1.43446 2.79478 0.72946 0.59423 0.84463 0.86685
IP-10 34.34715 2692117 27.07632 22.03093 0.0376 0.00826 0.30895 0.09373
IL-7 0.21581 0.2081 0.42391 0.29184 0.70547 0.87255 0.84463 0.9141
PIGF-1 2.56204 4.26398 0.50525 3.66491 0.81637 0.70924 0.89801 0.86685
CCLII 45.26649 31.99203 39.82868 34.73639 0.09658 0.29621 0.30895 0.54305
IL-17A 0.39132 0.51797 0.12665 0.92231 0.43845 0.46492 0.689 0.73058
SCF 14.2576 9.68633 9.68897 7.40699 0.0983 0.12189 0.30895 0.38307
CCL5 12.04526 13.00457 11.36877 10.44164 0.07953 0.11987 0.30895 0.38307
IFN gamma 1.0208 0.18931 0.09466 0.09466 0.05587 0.05121 0.30895 0.32289
HGF 207.02826 145.23424 167.14115 115.22479 0.12123 0.08384 0.33338 0.36891
CCL4 91.73309 84.52375 80.80009 86.10359 0.34574 0.36844 0.5851 0.62351
CCL2 24.75986 3235154 36.70293 36.54753 0.16793 0.16139 0.41049 0.44382
VEGF-D 9.89217 9.55519 8.82676 9.59303 0.63231 0.7911 0.84463 0.87021
EGF 9.07387 8.8375 7.44005 9.25944 0.94772 0.97752 0.94772 0.97752
BDNF 175.17866 | 326.11527 209.55058 197.15929 0.26226 0.26669 0.52452 0.53338
IL-15 3.40818 7.48205 4.40516 6.10923 0.06326 0.05871 0.30895 0.32289
IL-18 2.83718 2.74302 0.7575 1.23651 0.31998 0.22932 0.5851 0.5045
PDGF-BB 51.62278 57.1733 54.04663 55.50613 0.54249 0.77652 0.79565 0.87021
VEGF-A 430.6226 271.44615 250.57036 286.70629 0.03951 0.00852 0.30895 0.09373
Total Events 6041.75 6275 6240.75 6279.25 0.66708 0.67771 0.84463 0.86685

Note: Statistical significance was indicated by p values <0.05.

Table 3 Statistics for the Comparison of IP-10 and VEGF-A Between

the Groups
Comparison Among Groups | IP-10 (P value) | VEGF-A (P value)
CC vs Ctrl HPV (-) 0.0175 0.04316
CIN vs Ctrl HPV (-) 0.20652 0.74975
Ctrl HPV (+) vs Ctrl HPV (-) 0.19142 0.41221
CCvs CIN 0.02965 0.02624
CC vs Ctrl HPV (+) 0.03107 0.01777
CIN vs Ctrl HPV (+) 0.93323 0.57105

Note: Statistical significance was indicated by p values <0.05.

We suggest that taxa related to HPV infection status could be a biomarker to help forecast the risk of developing
a persistent HPV infection.

LEfSe analysis showed that the dominant bacteria in the HPV-negative group were mainly Firmicutes at the phylum
level and Lactobacillus and Atopobium at the genus level. Related studies have found that the internal vaginal bacteria of
healthy women are mainly dominated not only by Lactobacillus and a low abundance of bacteria (such as Gardnerella,
Atopobium, etc.).>®>° Di Paola et al*® also found that the signature microbe of HPV persistent infection was Atopobium,
while our study showed that Atopobium was the differential dominant bacteria in the HPV-negative group. It may be
related to transient changes in the vaginal microecological environment caused by HPV infection, or it may be caused by
insufficient sample size and individual differences. We will verify this in subsequent experimental studies.
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With the aggravation of cervical lesions, immune factors also change. We found that IP-10 and VEGF-A increased in
the cervical cancer group, suggesting that the changes in IP-10 and VEGF-A play a vital role in the progression of
cervical cancer.

Interferon-y (IFN-y)-induced protein 10 (IP-10 or CXCL-10) is a chemokine involved in the transport of immune
cells to inflammatory sites and belongs to the CXC family of chemokines.*® Chemokines can selectively guide the
directional migration and intracellular aggregation of leukocyte subsets.*' IP-10 was associated with changes in the
vaginal microbiota. Previous studies showed that Prevotella positively correlated with IP-10.** Lactobacillus can degrade
IP-10 or inhibit IP-10 secretion, thus reducing the inflammatory response.**** IP-10 are biomarkers for detecting
asymptomatic STIs and vaginal dysbiosis (bacterial vaginosis (BV) or intermediate microbiota).*> A possible mechanism
for vaginal dysbiosis is the increased production of pro-inflammatory cytokines and chemokines, associated with the
increase in pathogenic microbial diversity, contributing to the further recruitment of immune cells and amplifying the
inflammatory response.*® Chronic vaginal inflammation and changes in the immune response are related to
calrcinogenesis.%_48 Elevated IP-10 levels are associated with cancer,* including breast cancer,”’ pancreatic cancer,’!
colon cancer,”” and gastric cancer.>® Interestingly, IP-10 may be a pathogenic factor in some diseases and may also play
a role in tissue repair.”*>® IP-10 is rarely studied in cervical diseases, and its dual role also guides us to explore it further.

VEGF-A can promote angiogenesis, which is critical for the occurrence, growth, and development of solid
tumors.””>® It can also be involved in tumor immune evasion. VEGF in tumor tissues can avoid tumor immune function
by inhibiting the differentiation of antigen-presenting cell-dendritic cells and downregulating its anti-tumor immune
system.>® Metabolite secretions of Lactobacillus plantarum may inhibit cancer cell metastasis by suppressing the VEGF-

6061 5o the

MMP2/9 signaling pathway. VEGF inhibitors can prolong the survival of patients with cervical cancer,
development of drugs targeting VEGF and VEGFR has important practical significance for treating cervical cancer.
We also found that during the development of cervical cancer, microbiota changes were earlier than the changes in
immune factors. There were obvious changes in the microbiota after HPV infection, especially in the cervical cancer
group. However, there was no significant difference in immune factors between the HPV-positive, the CIN group, the
HPV-positive non-CIN group, and the HPV-negative group, and only the cervical cancer group IP-10 and VEGF-A were
significantly upregulated compared with the other three groups. In other words, the changes in immune factors are mainly
reflected in the later stage of cervical cancer, while the microbiota has noticeable changes after HPV infection. Previous

studies!!+6%:63

only showed a specific correlation between vaginal microbiota and immune status. Our study can largely
explain that the change in microbiota is earlier than the change in immune factors. It is likely that HPV infection causes
the imbalance of vaginal microbiota and increases microbiota diversity, thus affecting the change of immune factors.

A healthy female vaginal environment is generally associated with low microbial diversity and Lactobacillus
colonization.®* Lactobacillus can not only maintain the ecological balance of the vagina but also prevent the growth
and proliferation of other pathogenic bacteria by producing lactic acid, hydrogen peroxide (H202), and bacteriocin in the
vagina, to maintain the integrity of the vaginal mucosal barrier, resist the invasion of viruses and harmful bacteria, and
enhance the local anti-infection and anti-tumor effects of the vagina.*>**>® On the contrary, if the content of dominant
bacteria to maintain the vaginal microecological balance decreases, it can cause the pH value to increase, immune
function to decline, and then reduce the resistance to HPV, and the risk of HPV invasion will increase. At the same time,
self-clearance of HPV was significantly reduced in patients already infected with HPV. The normal immune system plays
an immune surveillance role for foreign invading pathogens. Once an abnormal immune system occurs, the pathogenic
microbiota cannot be removed in time, which leads to the breakdown of the balance of the patient’s vaginal internal
environment and may accelerate the development of cervical cancer.®’

Limitations

As the study included only patients from China and the sample size was not large enough, it may not be representative.
However, we still believe that analysis of geographically tailored microbiomes and immune factors is warranted. It is
believed that as more such studies become available, we will soon be able to pool the potential carcinogenic mechanisms
of vaginal microbiota and immune factors worldwide into a more representative conclusion. This will provide
a biological basis for the prevention, diagnosis and treatment of cervical cancer.
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Conclusions

In conclusion, the occurrence of cervical cancer is related to an increase of vaginal microbiota diversity and up-regulation
of inflammatory immune factor proteins. Increasing age may be a risk factor for cervical cancer. With the aggravation of
the disease, the content of Lactobacillus decreased, and the content of inflammatory immune factors IP-10 and VEGF-A
increased, indicating that the balance of vaginal microbiota is destroyed, the immune function is disordered, and the
body’s immune inflammatory factors are increased, thus creating a favorable inflammatory environment for the
occurrence of cancer. In addition, with the aggravation of cervical lesion severity, the abundance of Prevotella gradually
increased, and the abundance of Prevotella was the highest in cervical cancer, indicating that Prevotella plays a crucial
role in the development of cervical cancer. Moreover, the IP-10 and VEGF-A were increased in the cervical cancer group
compared with other groups. Thus, the vaginal microbiota and specific immune factors may be a potential non-invasive
and simple method for predicting cervical cancer. Furthermore, it is of great significance to adjust and restore the balance
of vaginal microbiota and maintain normal immune function in preventing and treating cervical cancer.
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