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As a common female reproductive system malignancy, cervical cancer (CC) disturbs numerous women’s health. This study
demonstrates the role of the vaginal microbial environment (Peptostreptococcus anaerobius) in cervical cancer. Functional
assays, including cell proliferation assay, tube formation assay, and immunofluorescence staining, revealed the effect of
Peptostreptococcus anaerobius-treated macrophages on cell proliferation and the angiogenesis process. The tube formation
assay disclosed the function of Peptostreptococcus anaerobius-treated macrophages on angiogenesis. In vivo assays were also
established to explore the impact of Peptostreptococcus anaerobius-treated macrophages on tumor migration. The results
revealed that Peptostreptococcus anaerobius-induced macrophages boosted cervical cancer migration and angiogenesis both
in vitro and in vivo. Then, this study unveiled that Peptostreptococcus anaerobius-induced macrophage secreted VEGF to
stimulate the angiogenesis in cervical cancer. As a whole, Peptostreptococcus anaerobius-induced macrophage facilitates cervical
cancer development through modulation of VEGF expression.

1. Introduction

It was widely acknowledged that the healthy physiological
process depends on the healthy and balanced vaginal micro-
bial ecosystem [1]. As the development of sequencing tech-
nology, the role of the microbial environment in the body
is widely demonstrated [2, 3]. Many studies have reported
that bacterial vaginosis is associated with many reproductive
issues [4]. For example, the adverse obstetric outcomes are
related to pelvic inflammatory diseases [5] and PCOS [4,
6]. Several studies [7–9] have reported that the variation of
the vaginal microbe composition influences the infection
status of Human papillomavirus (HPV). Our previous study
indicated that the composition changes are correlated with

the cervical precancer lesions and HPV infections [10].
However, whether the vaginal microbes determine the
immune response in the tumor microenvironment and fur-
ther affect the tumor progression including migration and
angiogenesis is unclear.

Cervical cancer is one of the main malignancies in the
female reproductive system [11], while the persistent high-
risk HPV infection [12] is the main cause of most cervical
precancer and cervical cancers. The increasing evidence
indicates that the vaginal microbial environment is associ-
ated with the progression of female diseases, including infer-
tility, PCOS, inflammation [13], and cancers [14, 15]. So,
what is the relationship between vaginal microbe and cervi-
cal cancer? And how the vaginal microbial environment
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exerts the functions in the progression of cervical cancer is
still unclear.

In this study, we figured out the differential expressed
vaginal microbes in cervical cancer women and then demon-
strated the effect of the Peptostreptococcus anaerobius on the
macrophage polarization, further regulating the angiogene-
sis in vitro and migration in vivo via secreting VEGF.

2. Methods and Materials

2.1. Cell Culture. Cervical cancer SiHa cells and SiHa-
Luciferase were gifts from the laboratory of the Obstetrics
and Gynecology Hospital of Fudan University and main-
tained in RPMI-1640 medium (E600028, Sangon Biotech,
Songjiang, Shanghai, China), supplemented with 10% FBS
(Gibco, Guangzhou, Guangdong, China), 1% penicillin
(Sangon Biotech, Songjiang, Shanghai, China), and 1%
streptomycin in a humidified incubator with 5% CO2 at
37°C. HUVEC cells were maintained in DMEM medium
supplemented with 10% FBS as well as 1% penicillin & strep-
tomycin in a humidified incubator with 5% CO2 at 37

°C.

2.2. Ethics Approval. The study was approved by the institu-
tional review board of the Obstetrics and Gynecology Hospi-
tal of Fudan University. All the study processes were
implemented based on the Declaration of Helsinki. Also,
the study obtained oral informed consents and written
informed consents. All animal experiments were housed
and maintained in a standard environment, and the protocol
was reviewed and approved by the animal care and research
committee of Fudan University.

2.3. Tissue Samples. The ethical approval of this study was
acquired from the ethics committee of the hospital, and writ-
ten informed consents were provided by all participants. A
total of 20 of cervical squamous cell carcinoma samples (10
cervical squamous cell carcinoma samples with lymphatic
metastasis positive and 10 cervical squamous cell carcinoma
samples with lymphatic metastasis negative as control) were
acquired from patients who receive surgery and were col-
lected for this study between January 2019 and March
2020. The exclusion criteria were as follows: (i) history of
other drug treatment before surgery, (ii) history of cervical
conization surgery, (iii) other pathological types of cervical
cancer carcinoma, (iv) other female reproductive system
malignancies, and (v) non-postmenopausal. Tissue samples
were all snap frozen in liquid nitrogen and preserved at
−80°C, for further measurement.

2.4. Cell Viability Assay. The cell viability of HUVEC cells
was evaluated by CCK8 assays. Totally, 104 cells/well were
seeded into the 96-well plate with 100μL DMEM for 12 h
and cells were added with Peptostreptococcus anaerobius-
treated macrophage medium, blank bacterium medium-
treated macrophage medium, and PBS for 48h. Then, the
CCK-8 kit was added into the medium in wells for 1 hour
at 37°C. The cell viability was evaluated by the OD450 value
of each well.

2.5. Tube-Formation Assay. Matrigel was evenly distributed
to every well in a 96-well plate for 30min at 37°C. HUVEC
cells at early passage were prepared and added into each well
for 3 hours and captured under the microscope. Tube for-
mation was assessed under the microscope.

2.6. ELISA Assay. After being treated with diverse medium,
the cell supernatant sample collection was conducted.
Briefly, the detection of the serum levels of VEGF was con-
ducted by the ELISA kits (Yanhui, Shanghai, China)
(∗∗∗p < 0:001).

2.7. Immunofluorescence Assay. HUVEC cells were seeded
on a slide in the 24-well plate. Immunofluorescence images
of VEGFR2 expression on HUVECs were captured, after
treatment with indicated media (Peptostreptococcus anaero-
bius treated macrophage media) stimulation for 72h. Cells
were fixed with 10% paraformaldehyde, the VEGFR were
stained by FITC-VEGFR antibody, and nuclei were stained
with 4,6-diamidino-2-phenylindole (DAPI) (Millipore) for
10min at 4°C. Images were taken using a Leica fluorescent
microscope and a TCS SP5 confocal laser scanning micro-
scope (Leica Microsystems, Wetzlar, GER).

2.8. Animal Assay. Mice were divided into three groups: (i)
Peptostreptococcus anaerobius-treated macrophage group,
(ii) blank medium-treated macrophage group, and (iii) PBS
group. Female athymic nude mice (4 weeks old) were pur-
chased from JieSiJie Laboratory Animal Co. Ltd., Shanghai,
China. For bioluminescence evaluation in the mouse model,
we cultured SiHa-Luciferase stable transfected cells. SiHa-
Luciferase cells (2 × 106/mL) were seeded into nude mice
via intraperitoneal injection. Medium gathered from Peptos-
treptococcus anaerobius-treated macrophages, medium from
blank medium-treated macrophages, and PBS were injected
into mice intraperitoneally for two times a week and totally
3 weeks. Mice were analyzed by a live imaging upon animals.

2.9. Data Analysis. In this study, we conducted the correla-
tion analysis not only for the gene expression evaluation
but also for the survival prognosis evaluation in cervical car-
cinoma, which is based on the TCGA database (https://tcga-
data.nci.nih.gov). Furthermore, we conducted analysis
(including the expression analysis and the survival analysis)
based on the GEPIA2 website (http://gepia2.cancer-pku.cn/).
All the experiments were repeated in triplicate, and experi-
mental results were expressed as the means ± standard devia-
tion (S.D.). We use Student’s t-test or one-way ANOVA to
determine statistical probabilities, with a p value below 0.05
as a significant level. And we used the SPSS 25.0 software
(IBM Corp., Armonk, NY) to analyze the data. Gene linear
correlation was analyzed by Pearson correlation analysis.

3. Results

3.1. Peptostreptococcus anaerobius Is Upregulated Expressed
in Cervical Cancer Cervicovaginal Lavage Fluid and Tissues.
At first, the expression of Peptostreptococcus anaerobius
in 20 participants (including 10 women (cervical squa-
mous cell carcinoma lymphatic metastasis positive) with
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cervicovaginal lavage fluid and 10 women (cervical squa-
mous cell carcinoma lymphatic metastasis negative, as con-
trol) with cervicovaginal lavage fluid) was examined. As
depicted in Figure 1, it was revealed that Peptostreptococcus
anaerobius was significantly highly expressed in cervicovagi-
nal lavage fluid of cervical cancer women, when compared
with healthy women. As depicted in our previous study, the
level of Peptostreptococcus anaerobius in cervical cancer
lesion was higher than that of nontumor women.

3.2. The Relationship between the M2 Phenotype and
Peptostreptococcus anaerobius in Cervical Cancer. To investi-
gate the correlation between infiltration of tumor-associated
macrophages and Peptostreptococcus anaerobius in cervical
cancer, we performed IHC staining to detect the M2 macro-
phage marker CD206 in cervical cancer tissues derived from
women with Peptostreptococcus anaerobius and cervical can-
cer tissues derived from women without Peptostreptococcus
anaerobius. As shown in Figure 2(a), we observed elevated
infiltration of CD206-positive M2 macrophage infiltration
in cervical cancer tissues from women with Peptostreptococ-
cus anaerobius, when compared with women without Pep-
tostreptococcus anaerobius. In addition, overall survival
analysis showed that the overall survival rate of the higher
expression of the CD206-positive group in cervical cancer
was better than that of lower expression of the CD206-
positive group. Also, we conducted the analysis about the
survival prognosis in cervical cancer patients. As depicted
in Figure 2(b), the increased expression level of CD206 was
relevant to the lower survival rate and inferior prognosis,
while the decreased expression level of CD206 was relevant
to the higher survival rate and superior prognosis.

3.3. The Effect of Peptostreptococcus anaerobius to Induce the
Macrophage into the M2 Phenotype. To determine whether
Peptostreptococcus anaerobius induced M2 polarization of
macrophages, we first selected THP-1 cells and induced
THP-1 cells into the M0 macrophage by PMA and then
treated M0 macrophages with collected Peptostreptococcus
anaerobius medium. As depicted in Figure 3, the results
showed that the expression of M2 markers (CD206) in
PMA-treated THP-1 cell-administered blank medium or
Peptostreptococcus anaerobiusmedium was apparently lower
or higher, respectively. Taken together, the abovementioned

results confirm that Peptostreptococcus anaerobius can
induce M2 polarization of macrophages.

3.4. The Effect of Peptostreptococcus anaerobius-Treated
Macrophage to Induce the Angiogenesis. In order to analyze
the effect of Peptostreptococcus anaerobius-treated macro-
phage on regulating the angiogenesis process, we conducted
the viability assay and tube formation assay by using the
HUVEC cells. As shown in Figure 4, the tube formation
assay revealed that the induction of Peptostreptococcus anae-
robius-treated macrophages on tube formation efficiency
was higher than the blank medium-treated macrophages
and PBS-treated macrophages.

3.5. The Peptostreptococcus anaerobius-Treated Macrophages
Secrete VEGF to Induce Angiogenesis. Since Peptostreptococ-
cus anaerobius-treated macrophages expressed markers of
the M2 phenotype, and M2 macrophages were reported to
secret cytokines and growth factors, such as VEGF and
PDGF. In order to explore how the Peptostreptococcus anae-
robius-treated macrophages upregulate the ability of angio-
genesis, we conducted the ELISA assay to evaluate the
VEGF expression of the Peptostreptococcus anaerobius-
treated macrophages, blank bacteria medium-treated macro-
phage medium, and control groups. As depicted in
Figure 5(a), the results revealed that VEGF expression was
significantly upregulated in Peptostreptococcus anaerobius-
treated macrophage medium than in the blank bacterium-
treated macrophage medium or the control group. While
we added the VEGF receptor protein into the HUVECs with
medium from Peptostreptococcus anaerobius-treated macro-
phages, the induced angiogenesis process was inhibited.
What is more, in Figure 5(b), the Peptostreptococcus anaero-
bius-treated macrophage medium could increase the expres-
sion level of VEGFR2 in HUVEC cells. In addition, as
depicted in Figures 5(c) and 5(d), the cervical cancer tissue
expressed a higher level of VEGF and the increased expres-
sion level of VEGF was relevant to the lower survival rate
and inferior prognosis.

3.6. The Effect of Peptostreptococcus anaerobius-Treated
Macrophages on Inducing the Migration of Cervical
Cancer in the Animal Model. In in vivo assay, we used
the SiHa-luciferase cancer cells for evaluating the effect of
Peptostreptococcus anaerobius-treated macrophages on the
cervical cancer. We divided animals into three groups: Pep-
tostreptococcus anaerobius-treated macrophage group, blank
medium-treated macrophage group, and PBS-treated group.
Luminescence of cervical cancer cells was evaluated by an
in vivo imaging system to demonstrate the cancer metasta-
sis in vivo. As demonstrated in Figure 6(a), Peptostrepto-
coccus anaerobius-treated macrophages enhanced the
migration of cervical cancer in vivo, when compared with
blank medium-treated macrophages or PBS. In addition,
the VEGFR2 expression level in tumor resected from the
Peptostreptococcus anaerobius-treated macrophage group
is higher than that from the blank medium-treated macro-
phage groups or PBS group (Figure 6(b)).
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Figure 1: The level of Peptostreptococcus anaerobius in cervical
cancer.
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Figure 2: The expression of CD206 in cervical cancer. (a) The IHC staining of cervical carcinoma tissues upon the CD206 in cervical cancer
tissues from women with Peptostreptococcus anaerobius (down) and in cervical cancer tissues from women without Peptostreptococcus
anaerobius (upper). (b) The analysis of CD206 expression via TCGA set base: the increased expression level of CD206 was relevant to
the lower survival rate and inferior prognosis (blue curves); the decreased expression level of CD206 was relevant to the higher survival
rate and superior prognosis (red curves).
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Figure 4: The effect of Peptostreptococcus anaerobius upon tube formation for detecting angiogenesis ability. The tube formation ability of
HUVECs after being treated with medium from Peptostreptococcus anaerobius-induced macrophages, blank bacteria medium-induced
macrophages, PBS, and medium from Peptostreptococcus anaerobius-induced macrophages plus VEGFR.
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Figure 5: The expression level of VEGF from macrophages treated with Peptostreptococcus anaerobius. (a) The expression level of VEGF
from macrophage medium after being treated with medium from Peptostreptococcus anaerobius-induced macrophages, blank bacteria
medium-induced macrophages, and PBS. (b) The VEGFR expression on HUVECs after being treated with medium from
Peptostreptococcus anaerobius-induced macrophages, blank bacteria medium-induced macrophages, and PBS. The expression analysis (c)
and overall survival analysis (d) of VEGF in cervical cancer via TCGA set base.
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4. Discussion

Cervical cancer is the one of the main female reproductive
system malignancies, which disturbs the health of women
around the world. Although, with the development of
screening strategy [16] and the popularization of HPV vac-
cine [17], the morbidity and mortality decreased in devel-
oped countries [18]. However, cervical carcinomas still

result in numerous deaths in developing countries. Nowa-
days, increasing evidence indicate that vaginal microbes are
associated to the disease process [19], including inflammations
[20], infertility [21], and cancers [22]. In the current study, we
demonstrated that Peptostreptococcus anaerobius, a kind of
vaginal microbe, is expressed rarely in healthy women, pro-
motes the macrophage polarization in the tumor microenvi-
ronment, and further induces the angiogenesis process
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Figure 6: The effect of VEGF from macrophages treated with Peptostreptococcus anaerobius on the migration in cervical cancer in vivo. (a)
Bioluminescent images were visualized to evaluate the metastasis of cervical cancer cells after being treated with Peptostreptococcus
anaerobius-induced macrophage-conditioned medium, blank bacteria medium-induced macrophage-conditioned medium, and PBS in
the mouse model. Luminescence of cervical cancer cells was evaluated by an in vivo imaging system, in which the size of the
luminescence area represents the metastasis ability. (b) The IHC staining for detecting the VEGFR expression in tumor after being
treated with blank bacteria medium-induced macrophage-conditioned medium, PBS, and Peptostreptococcus anaerobius-induced
macrophage-conditioned medium.
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in vitro andmigration in vivo. Mechanistically, the Peptostrep-
tococcus anaerobius-induced macrophage expressed the M2
phenotype and the Peptostreptococcus anaerobius-induced
macrophage could secret VEGF to induce the angiogenesis
process. VEGF is a specific angiogenesis factor and could stim-
ulate endothelial tube formation to generate new vessels. A
previous study [23] revealed that VEGF could induce the
angiogenic process upon endothelial cells. These findings indi-
cate that the vaginal microbes exert certain functions in the
development of cervical cancer.

It was of significance to demonstrate the effect of the
vaginal microbial environment in the physiological process
and pathological process in the female reproductive system.
It was reported [24, 25] that there are significant differences
in vaginal microbiome between cancer microenvironment
and noncancer microenvironment women, but less studies
reported the mechanisms among these associations. In this
study, we explore the effect of Peptostreptococcus anaerobius
on macrophage polarization and further angiogenesis and
also explore the certain mechanisms of these effects.

To our knowledge, this is the first study to demonstrate
the effect of Peptostreptococcus anaerobius on macrophage
polarization in the tumor microenvironment in cervical can-
cer. This study is based on our previous analysis by means of
comparing the expression differences among the different
status of cervical precancer lesions.

There are also many limitations to this current study.
Firstly, more relative samples of cervical cancer tissues are
needed to verify the relations between the macrophage infil-
tration and vaginal microbe; also, more samples of cervi-
covaginal lavage fluid are needed in the future study.
Secondly, further more studies shoube be conducted to fig-
ure out if there are other vaginal microbials could play roles
in regulating the vaginal microenvironment in cervical can-
cer. What is more, further experiments should explore
whether the expression of specific vaginal microbes indicates
the specific prognosis in cervical cancer.

5. Conclusions

We demonstrated that vaginal microbial Peptostreptococcus
anaerobius could contribute to cervical cancer progression
via inducing M2 macrophage polarization. In addition, we
revealed that Peptostreptococcus anaerobius-induced macro-
phage could promote the angiogenesis in vitro and in vivo.
Furthermore, we found that Peptostreptococcus anaerobius-
induced macrophage could promote the angiogenesis via
secreting VEGF. Thus, our study elucidated a novel molecu-
lar mechanism promoting cervical cancer underlying the
interaction between vaginal microbes, macrophages, and
tumor cells. These results will contribute to the new insights
of the development of cervical cancer. Also, the results
would contribute to the effective preventive and therapeutic
strategies for cervical cancer. More importantly, high Peptos-
treptococcus anaerobius in cervicovaginal lavage fluid was
correlated with cervical cancer, suggesting that it may be a
promising biomarker for liquid biopsy and predicting the
risk of cervical cancer in the future. In addition, targeting
the vaginal microbial-mediated crosstalk between tumor

cells and macrophages may provide novel strategies for the
treatment of cervical cancer.
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Objective. This study evaluated the distribution of vaginal microbiota dysbiosis and the association with HPV viral load test in
high-risk HPV-positive women before and after 50 years old. Methods. For this cross-sectional study, 388 HPV-positive
women prior to referral to colposcopy in Peking University Peoples’ Hospital were included and classified as younger than 50
years (n = 307) and aged 50 years or older (n = 81), midvagina bacterial community composition was characterized by
FlashDetect™ MAX vaginal microbe detection kit, and BMRT-HPV reported type-specific viral loads/10,000 cells. Results. The
community state type (CST) IV was the most common CST occurring in 148 women (38.1%). The proportion of CST IV in
those aged 50 years or older was significantly higher than those younger than 50 years (women) (66.7% vs. 30.6%); the
difference was statistically significant (<0.001). CST distribution has no statistical difference in different grades of cervical
lesion, regardless of the age (p = 0:238 and 0.263). However, the women with high-grade cervical lesion presented a more
complicated trend and the abundance of vaginal microbiota dysbiosis than low-grade lesion. HPV16/18 viral load was found to
be significantly higher in CST III and CST IV than CST I/II/V (p < 0:05)in women younger than 50 years. Conclusions. In
women younger than 50 years, higher HPV16/18 load was more closely associated with CST IV; however, it had no significant
correlation in women aged 50 years or older.

1. Introduction

Persistent infection with high-risk human papillomavirus
(hrHPV) is the main cause for the development of cervical
intraepithelial neoplasia (CIN) and cervical cancer [1, 2].
Despite the controversy of the association between high viral
load and the severity of cervical lesions [3, 4], it has been
reported recently that HPV viral load increased with the
grade of cervical lesions and is as sensitive as Cobas4800
for primary cervical cancer screening [5].

It is still unclear why some hrHPV infections resolve
clinically while others persist and cause dysplasia and even
cervical cancer. Many factors such as age, smoking, HIV
infection, and oral contraceptives are associated with persis-
tent HPV infection [6]. In addition to these variables, it has
been proposed that the vaginal microbiota plays an impor-
tant role in the development of HPV infection leading to

cervical neoplasm [7]. Some vaginal microorganisms, such
as Gardnerella, Atopobium, Enterococcus, Streptococcus,
Fusobacteria, and Mycoplasma, as well as a decrease in the
proportion of Lactobacillus spp., have been linked to dysbio-
sis that would generate an unstable microenvironment,
which in turn could enable the effect of key risk factors in
cervical cancer [8, 9]. However, it has been reported with
greater evidence that the postmenopausal women had lower
abundance of Lactobacillus species, and a more diverse com-
munity of vaginal microbes, which attributed to decreased
estrogen, reduced glycogen content in vaginal epithelial cells
and limits the energy source for lactobacilli [10].

To determine whether the composition of vaginal micro-
biota and HPV load differs before and after 50 years old, we
conducted a pilot analysis of the association between vaginal
microbiota, HPV viral load, and the risk of high-grade cervi-
cal lesion in different aged HPV-positive women.
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2. Materials and Methods

2.1. Study Design. A total of 388 women with hrHPV posi-
tive results prior to referral to colposcopy in Peking Univer-
sity People’s Hospital were invited to participate in this
study from Nov. 2020 to Nov. 2021. The study was approved
by the Ethics Committee of Peking University People’s Uni-
versity (No. 2020PHB298-01), and written informed consent
was obtained from all participants after providing detailed
information about the study and its characteristics. These
women were divided into the <50-year age group (n = 307)
and ≥50-year-old group (n = 81), according to the previous
report, which has been showed that the threshold of 50 years
distinguished the peaks associated with very low lactobacilli-
dominated microbiota community type and bacterial com-
positions dominate the cervicovaginal microbiota in women
aged 50 years or older [11]. Participants who had acute vag-
initis or cervicitis and vaginal antimicrobials or received
estrogen replacement therapy, had sexual intercourse within
72 hours, are pregnant or up to 2 months postpartum, had a
history of hysterectomy, or had immune system disease were
excluded from the study. The sample collection was com-
pleted before colposcopy procedure, a vaginal speculum
was placed to expose the cervix, then cervical exfoliated cell
sample at the squamocolumnar junction of the cervix was
obtained with a sampling brush, and then the brush was
placed into a 20mL PreservCyt1 solution (Hologic, Marlbor-
ough Mass, USA) for testing. The samples were stored at 4°C
within 72 hours and at -20°C for long-term preservation. All
samples were tested with cytology first, and the remaining
preservation solution was used for HPV genotype, viral load,
and vaginal microbes, respectively. Pathologic confirmation
was performed by colposcopy-directed punch biopsy for all
participants. Cervical biopsies under colposcopy were then
histologically examined and classified according to the
2014 World Health Organization (WHO) Classification of
Tumors of the Female Genital Tract, namely, low-grade
squamous intraepithelial lesion (LSIL/CIN1) and high-
grade squamous intraepithelial lesion (HSIL/CIN2 and
HSIL/CIN3) [12].

2.2. BMRT HPV PCR Assay. The BMRT is detected based on
PCR-based high-risk HPV assay, which was performed with
the fluorescence-based multiplex HPV DNA genotyping kit
(Bioperfectus Ltd., Jiangsu, P.R. China). PCR primers and
corresponding TaqMan probes were developed for the 21
most prevalent HPV types to amplify the HPV L1 gene,
including 14 hrHPV genotype (HPV16, 18, 31, 33, 35, 39,
45, 51, 52, 56, 58, 59, 66, and 68) and 7 medium-risk and
low-risk HPV genotypes (HPV26, 53, 82, 73, 6, 11, and
81). For this study, only hrHPV was used in the statistical
analysis of this study. A single-copy gene encoding DNA
topoisomerase III (human TOP3) was amplified in the reac-
tion to control DNA quality and determine the relative viral
copy numbers in the samples. The normalization of HPV
type-specific viral loads was performed as follows: viral
load = log 10½CnHPV/CnTOP3 × 10,000� copies/10,000
cells, where Cn HPV is the quantity of HPV DNA and Cn
TOP3 is the number of human cells. The experimental pro-

cedure was conducted according to the kit manufacturer’s
instructions, the detailed process was described by Dong
et al. and Duan et al. [5, 13].

2.3. Vaginal Microbes Detect. Nucleic acid of vaginal
microbes was extracted from 0.5mL of vaginal swab samples
using a modified TIANamp Virus DNA/RNA kit (Tiangen,
China). Samples were lysed and homogenized twice with
0.2mL lysis buffer GA and 0.3 g zirconia beads for 2 minutes
by Biospec MiniBeadbeater-16 in 2mL tube. The superna-
tant was treated with 40mL protease K and 0.4mL carrier
RNA working solution at 56°C for 15min in a 1.5mL tube.
500mL of ethanol was then added and mixed for 15 sec
and placed for 5min at room temperature. Sample solution
was transferred into RNase-free column CR2 set and centri-
fuged 6,000 g for 1min. The column CR2 was washed with
0.5mL of buffer GD, 0.6mL of buffer PW twice, and
500mL of ethanol by centrifuging 6,000 g for 1 minute in
turn. The column CR2 was dry and centrifuged 13,400 g
for 3min. The nucleic acid was eluted with 50mL RNase-
free ddH2O.

Vaginal microbes were detected using FlashDetect MAX
vaginal microbe detection kit (Coyote, Beijing, China) in
which detection and quantitation of target sequence from
vaginal microbes are associated with bacterial vaginosis, aer-
obic vaginitis, vulvovaginal candidiasis, trichomoniasis,
chlamydia, mycoplasma, sexually transmitted infection,
including Lactobacillus (L. gasseri, L. crispatus, L. jensenii,
and L. iners), Gardnerella vaginalis, Atopobium vaginae,
Bacterial vaginosis-associated bacteria 1/2 (BVAB1/2), Bacte-
rial vaginosis-associated bacteria TM7 (BVAB-TM7), Mega-
sphaera spp., Prevotella fragilis, Mobiluncus, Sneathia
amnii, Candida (C. spp., C. krusei, and C. glabrata), Escher-
ichia coli, Enterococcus faecalis, Staphylococcus aureus, Strep-
tococcus pyogenes, Streptococcus agalactiae, Ureaplasma
urealyticum, Mycoplasma hominis, Mycoplasma genitalium,
Chlamydia trachomatis, Trichomonas vaginalis, Treponema
pallidum, Neisseria gonorrhoeae, Haemophilus ducreyi, Her-
pes simplex 1, and Herpes simplex 2. Real-time PCR was per-
formed in a total volume of 20μL (2μL of extracted nucleic
acid samples, 8μL of VM reaction mix, and 10μL of VM
enzyme mix) in a 96-well plate using a Roche 480 (Roche
Applied Sciences, Mannheim, Germany). Human RNase P
gene and 16S gene were used as the internal reference gene.
Reactions were incubated at 95°C for 2min, followed by 40
cycles of denaturation at 94°C for 5 seconds and annealing
and extension at 60°C for 30 seconds. The detection curve
of sample has a significant exponential amplification curve
with the Ct value ≤ 33; the detection result is positive.

2.4. Statistical Analysis. Statistical analysis was performed
using SPSS 26.0 (IBM Corp., Armonk, NY, USA). Categori-
cal variables were presented as frequencies and percentage
(histopathological results, cervical cytology, hrHPV geno-
type, etc.). Viral load was measured as RLU/PC ratios
(RLUs) and agreed with previous specifications in the hybrid
capture assay. Viral quantification data in RLUs were ini-
tially continuous measurements. RLUs were transformed
into their logarithm (Log10). Quantitative data were
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described by the mean ± standard deviation (age). Nonnor-
mally distributed continuous variables presented as median
and interquartile range (IQR) (all HPV viral load, HPV16/
18 viral load, and hr16/18 viral load (Log10)). Differences
in frequencies for categorical variables between cases and
controls were evaluated using the chi-square statistic with
Yates correction. The p values for community state types
(CSTs), microbiome composition, and cervical lesion were
calculated using a χ2 test. Abundance patterns within each
age group and each microbiota community type were clus-
tered by a hierarchical clustering algorithm via Ward’s
method. The patterns were scaled column-wise. The species
selected for the heatmaps correspond to five types of CST.

3. Results

3.1. Characteristics of the Study Population. A total of 388
women were enrolled into the study and classified into
<50-year group (n = 307) and ≥50-year group (81). The
characteristics of each group are shown in Table 1. The
media age was 41.5 (±10.7) (range: 19-77). 93.8% of women
aged ≥50 years and 1.9% of women aged <50 years were
postmenopausal; the difference was statistically significant.
There were no significant differences in age, cytology, HPV
status, HPV load, and the degree of cervical lesion between
the two groups (p > 0:05). About the CST distribution,
CST IV was the most common type occurring in 148 women
(38.1%), CST III accounted for 35.6% and took the second
place. While CST II and V accounted for the least (1.3%
and 2.6%). The proportion of CST I and III in those younger
than 50 years was significantly higher than those aged 50
years or older women. However, the proportion of CSTIV
in those aged 50 years or older was significantly higher than
those younger than 50 years women (66.7% vs. 30.6%); the
difference was statistically significant (<0.001).

3.2. Characteristics of Vaginal Community State Types
(CSTs) for Different Groups. Hierarchical clustering of the
cervical microbiota based on the type and relative abundances
of the bacterial taxa revealed that all samples clustered into five
major groups: CST I, CST II, CST III, CST IV, and CST V
(Figure 1). CST I was dominated by L crispatus and found in
87 women (22.4%). CST II was dominated by L. gasseri and
present in only five women (1.3%). CST III and CST V were
dominated by L. iners (35.6%) and L. jensenii (2.6%),
respectively. CST IV was characterized by a diverse and
complex array of facultative and strictly anaerobic BV-
associated bacteria (Gardnerella, Atopobium, BVAB_1/2,
Enterococcus, Streptococcus, Ureaplasma, Prevotella, Mega-
sphaera, Sneathia, et al. and very low numbers of Lactoba-
cillus) and mostly dominated in the older than 50 age
group. The proportions of CSTs in different stage of cervi-
cal lesion are shown in Table 2. Although the proportions
of CST IV were gradually augmented with the progression
of the severity of CINs ( CIN3 : 40:4% > CIN2 : 23:4% >
CIN1 : 13:8% > normal : 12:8%) in women younger than
50 years, but there was a significant decrease in cervical
cancer and adenocarcinoma in situ (AIS); there has no sig-
nificant difference in both age group (p = 0:238 and 0.263).

In women older than 50 years, CST I, CST II, and CST V
decreased significantly, while CST III and CST IV were
dominant in cervical cancer and AIS.

3.3. Identification and Cluster Analysis of Vaginal Microbiota
in Different Group. As Figure 2 shown, in the CST of
patients with histopathologically confirmed ≤LSIL group,
the predominant type of bacteria was Gardnerella vaginalis.
The structure of cervicovaginal microbiota of ≤LSIL individ-
uals is relatively single. Gardnerella vaginalis occupy the
main composition with 16.1% vs. 32.8% in <50-year- and
≥50-year-old women, respectively. However, the proportion
of Gardnerella vaginalis was gradually reduced in histopa-
thologically confirmed ≥HSIL group, compared with ≤LSIL
individuals (≥HSIL: 14.5% vs. ≤16.1% in<50-year-old
women; ≥HSIL:16.4% vs. ≤32.8% in ≥50-year-old women).
Besides, the women with HSIL presented a complicated
trend and the abundance of Gardnerella vaginalis (14.5%),
Atopobium vaginae (5.4%), and Enterococcus faecalis
(2.1%) was the predominant bacteria type in <50-year-old
women. ≥50-year-old women diagnosed with HSIL exhib-
ited abundant Gardnerella vaginalis (16.4%), BVAB 1/
2(9.7%), and Atopobium vaginae (8.3%).

3.4. The Relationship of CSTs and HPV Viral Load. In
women younger than 50-year-old group, there was no statis-
tical significance between the CST type and all HPV viral
load (p > 0:05). HPV16/18 viral load was found to be signif-
icantly higher in CST III and CST IV than CST I/II/V
(p < 0:05). However, in women aged 50-year-or-older group,
there was no significant difference in HPV viral load regard-
less genotype among CST types, as shown in Figure 3.

4. Discussion

HPV persistent infection leads to changes in the cervical
microenvironment. It has been reported that the risk of
high-grade CIN was dependent on both the HPV genotype
and viral load, especially for HPV16 [2]. Besides, many stud-
ies suggest that the cervicovaginal microbiota changes are
closely related to HPV infection, persistence of infection,
and HSIL [14], but the relationship with the HPV viral load
was unclear. Menopausal women were more likely to
develop HPV persistent infection; the possible reason was
the decreased estrogen levels after menopause, leading to
changes in cervicovaginal microbiota, which lost its protec-
tion against pathogens including HPV [15].

Community state type (CST) was introduced first by
Ravel in 2011 [16], which was used to describe the vaginal
microbiota status and was divided into five groups: CST I,
CST II, and CST V were normal vaginal microbiota, dom-
inated by Lactobacillus crispatus, Lactobacillus gasseri, and
Lactobacillus jensenii, respectively. CST III type, domi-
nated by Lactobacillus iners, represented the subhealth
state of vaginal microbiota, which was most likely to trans-
form to CST IV type, whereas the fifth CST IV has lower
proportions of Lactobacillus spp. and higher proportions
of anaerobic organisms including Mobiluncus spp. and
Atopobium vaginae.
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In this study, in all the HPV-infected women, cervicova-
ginal microbiota were dominated by CST IV (38.1%) and
CST III (35.6%); just as Chen et al. [17] reported that the
most dominant CST in the HPV positive groups (HPV,
LSIL, HSIL, and cancer) was CST IV, while CST II and
CST IV accounted for the least in Chinese HPV positive
women. It has been reported that Lactobacillus dominated
the cervicovaginal microbiota of health and HPV transient
infection women, while the microbiota diversity of HPV per-
sistent infection patients significantly increased and the pro-
portion of anaerobic bacteria in the composition
significantly increased [15]. Although the healthy women
were not included in our study, we found CST IV was more
dominant in women aged 50 years or older (66.7%) than in
women younger than 50 years (30.6%) when stratified by
different age thresholds. Although postmenopausal women
were less likely to have a CST dominated by Lactobacillus
spp. than premenopausal women, nearly 50% of postmeno-

pausal women have a high relative abundance of Lactobacil-
lus spp. [10], and the presence of Lactobacillus spp. has been
associated with exogenous hormone use [18]. In our study,
this rate was higher, which may be related to the fact that
all the participants were HPV-positive and exogenous estro-
gens were excluded. Burton et al. [19] reported Atopobium
vaginae as a common member of the vaginal microbiota of
postmenopausal women, and Brotman et al. found a distinct
bacterial community state (CST IV-A) with low relative
abundance of Lactobacillus was associated with vulvovaginal
atrophy [20]. After menopause, the composition of vaginal
microbiota has been shown to be less likely dominated by
Lactobacillus spp. and more likely to be composed predom-
inantly of anaerobic and aerobic bacteria [20].

Besides, our result showed that a proportion of CST IV
was gradually increased with the progression of CIN severity,
but decreased in cervical cancer, although there was no signif-
icant difference, which is different from the Chen et al.’s

Table 1: Characteristics of 388 HPV-positive women in different age distribution (n (%)).

<50
n = 307

≥50
n = 81 p value

Age

n, mean ± SD 41.5 (±10.7)
Menopause status 6 (1.9) 76 (93.8) <0.001
Biopsy

Normal 34 (11.1) 14 (17.3)

0.452

LSIL/CIN1 38 (12.4) 9 (11.1)

HSIL/CIN2 86 (28.0) 19 (23.5)

HSIL/CIN3 122 (39.7) 29 (35.8)

SCC/AIS 27 (8.8) 10 (12.3)

Cytology

NILM 160 (52.1) 42 (51.9)

0.849ASCUS/LSIL 69 (22.5) 14 (17.3)

ASC-H+ 78 (25.4) 25 (30.7)

CST type

I 81 (26.4) 6 (7.4)

<0.001
II 3 (1.0) 2 (2.5)

III 120 (39.1) 18 (22.2)

IV 94 (30.6) 54 (66.7)

V 9 (2.9) 1 (1.2)

HPV viral load

Log (all); n, median (IQR) 4.79 (3.79-5.68) 4.60 (3.37-5.75) 0.436

Log (16/18); n, median (IQR) 1.44 (0-4.82) 1.52 (0-4.44) 0.556

Log (hrHPV); n, median (IQR) 4.78 (3.68-5.66) 4.52 (3.30-5.72) 0.365

Multiple HPV types

Yes 90 (29.3) 30 (37.0)
0.181

No 217 (70.7) 51 (63.0)

HR-HPV

HPV16/18(+) 142 (47.5) 36 (46.2)
0.833

Other HR(+) 157 (52.5) 42 (53.8)

LSIL: low-grade squamous intraepithelial lesion; HSIL: high-grade squamous intraepithelial lesion; CIN: cervical intraepithelial neoplasia; SCC: squamous cell
carcinoma; AIS: adenocarcinoma in situ; NILM: negative for intraepithelial lesions or malignancy; ASCUS: atypical squamous cells of undetermined
significance ASC-H: atypical squamous cell-cannot exclude HSIL; CST: community state types.
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findings that the proportions of CST IV were gradually aug-
mented with the progression of the severity of CINs
(cancer > HSIL > LSIL) [17]. However, CST III and CST IV,
not CST I, II, and V, were dominant in cervical cancer and
AIS, especially in women aged 50 years or older.

Besides, it has been reported that the vaginal microbiota
differences were primarily attributed to HPV infection (or
subtype) and not SILs, indicating that infection itself may
lead to changes in the vaginal microbial community [21].

It has been reported that HPV infection increased vagi-
nal bacterial richness and diversity regardless of the status
of CINs [17]. About CIN, there was a research finding that

Pseudomonas stutzeri, Bacteroides fragilis, Lactobacillus del-
brueckii, Atopobium vaginae, and Streptococcus agalactiae
were associated with CIN status [22]. Wu et al. found that
Delftia genusmight be a microbiological hallmark of cervical
lesion [23] In our study, we found that the predominant type
of bacteria younger than 50 years was Gardnerella vaginalis,
Atopobium vaginae, and Enterococcus faecalis regardless of
low-grade or high-grade CIN. Among the women aged 50
years or older, except the Gardnerella vaginalis and Atopo-
bium vaginae, Streptococcus agalactiae and BVAB 1/2 were
the predominant types in the ≤LSIL group and the ≥HSIL
group, respectively, further suggesting that the vaginal

CST
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Figure 1: Vaginal microbiome composition according to age, HPV status, cervical lesion, and vaginal community state types.
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microbiome of HPV-infected women was associated with
different ages. We also found that the abundance of Gard-
nerella vaginalis was gradually reduced and bacterial diver-
sity increased with the progression of CINs severity, which
was consistent with the previous report [17, 24]. However,
the ≥HSIL group presented a complicated trend and the
abundance of vaginal microbiota diversity than the ≤LSIL
group; this is different from some other studies reporting
that there was no association between the diversity of vaginal
microbiome and the CIN progression [25, 26]. Over all, in

our study, Gardnerella vaginalis and Atopobium vaginae
dominated the cervicovaginal microbiota in both LSIL and
HSIL+ women, which were thought to be associated with
bacterial vaginosis (BV) [27] and had a higher CIN risk [28].

Besides, one of the key findings of our study was that
HPV16/18 viral load was found to be significantly higher
in CST III and CST IV in women younger than 50 years
old; however, there was no connection between CST type
and HPV viral load in women older than 50 years old. An
association between hrHPV viral load in cervical samples

Table 2: The proportions of CSTs in different stage of histopathologically confirmed cervical lesions (n (%)).

Normal LSIL/CIN1 HSIL/CIN2 HSIL/CIN3 SCC/AIS p value

Age < 50
CST I, CST II, CST V 8 (8.6) 9 (9.7) 36 (38.7) 36 (38.7) 4 (4.3)

0.238CST III 14 (11.7) 16 (13.3) 28 (23.3) 48 (40.0) 14 (11.7)

CST IV 12 (12.8) 13 (13.8) 22 (23.4) 38 (40.4) 9 (9.6)

Age ≥ 50
CST I, CST II, CST V 1 (11.1) 1 (11.1) 3 (33.3) 4 (44.4) 0 (0.0)

0.263CST III 2 (11.1) 4 (22.2) 3 (16.7) 4 (22.2) 5 (27.8)

CST IV 11 (20.4) 4 (7.4) 13 (24.1) 21 (38.9) 5 (9.3)

CST: community state types; LSIL: low-grade squamous intraepithelial lesion; HSIL: high-grade squamous intraepithelial lesion; CIN: cervical intraepithelial
neoplasia; SCC: squamous cell carcinoma; AIS: adenocarcinoma in situ.
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Figure 2: Average relative abundances of the 10 prevalent genera in vaginal microbiota in different degree of cervical lesion of different age.
Note: ≥HSIL including histopathologically confirmed HSIL/CIN2, HSIL/CIN3, SCC, and AIS; ≤LSIL including histopathologically
confirmed LSIL/CIN1 and normal.
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and severity of prevalent cervical disease was first described
in 1999 [29] and replicated in numerous studies [30–32]
and proved that HPV16/18 was more sensitive and specific
than 12 other subtypes of hrHPV, suggesting that HPV viral
load is a type-specific biological indicator of cervical cancer
[33]. It has been approved that a microbial environment
with a higher proportion of anaerobic bacteria and a lower
proportion of Lactobacillus spp. is more likely to HPV infec-

tion, and CST IV was related with an increased risk of tran-
sitioning to an HPV positive state [34, 35]. Besides, some
studies identified cervicovaginal microbiota dysbiosis closely
related to HPV persistent infection, and transition between
clusters was more frequent in women with persistent
HPV16 infection (34%) than in women with transient infec-
tion (19%) [15, 36] Based on the relationship with high
HPV16/18 viral load in our study, CST IV has an enhanced
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Figure 3: HPV viral load for different vaginal CSTs. (a) hrHPV load < 50 years old; (b) HPV16/18 load < 50 years old; (c) hrHPV load ≥ 50
years old; (d) HPV16/18 load ≥ 50 years old.
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effect on the risk of cervical high-grade lesions in women
younger than 50 years old. However, for women over 50
years of age, vaginal microbiota dysbiosis is more common
regardless normal or cervical lesions, as evidenced by the
high proportion of CST IV in this study, so there is no sig-
nificant association with HPV viral load among this
population.

The strength of this study is that it is stratified by age to
interpret the vaginal microbial compositions of HPV-
positive women with different stages of cervical lesion and
the relationship with HPV viral load, which has not yet been
well elucidated. The limitations of this study were that it was
a cross-sectional study. Hence, we could not conclude any
causal relationship between the vaginal microbiome and
HPV viral load or CIN diseases. We have to conduct longi-
tudinal studies to study relationships between the dynamics
of the vaginal microbiome and the HPV viral load and the
progression or remission of CIN diseases. In addition, the
underlying biological mechanisms also need to be detailed.
Finally, we lack information about covariates that could
affect the vaginal microbiota, such as status of smoking,
menstrual cycle, sexual behavior, and hormonal contracep-
tives use [37, 38]. However, previous researches have shown
small or no significant effects of the menstrual cycle stage or
of use of hormonal contraceptives on the vaginal microbiota
[39, 40]. Sexual behavior has also been shown to affect the
vaginal microbiota [41]; therefore, we try to avoid the influ-
ence of this factor on population enrollment in this study.

5. Conclusion

By analyzing the vaginal microbial distribution of HPV
infected people of different ages triaged by 50 years, our
study found that women aged 50 years or older had higher
type IV distribution and had no significant correlation with
HPV load; However, higher HPV16/18 load was more
closely associated with CST IV in women younger than 50
years.
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