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Abstract

Purpose
To explore whether there are particular genital microbiota compositions in the reproductive tract in
ovarian cancer patients and analyze their potential impact on the preventive, precisive, and personalized
treatment.

Methods
The samples of cotton swabs from the cervical, uterine cavity, fallopian tubes, and ovaries were collected
in the operation of the malignant/benign lesion patients, and subjected to metagenomic shotgun
sequencing analysis. The distribution characteristics of the microbiota in the reproductive tract of
different patients was analyzed with the consideration of associated clinical data.

Results
Bacteria accounted for the highest proportion in each sample, with a median of 99%. The microbiota of
the upper female reproductive tract are mainly from the cervical, charactering in low bacterial biomass
and high bacterial diversity. Ovarian cancer had a distinct microbiota signature. The tubal ligation affects
its microbial distribution. There were no different species on the surface of ovarian tissue between
platinum-sensitive and platinum-resistant patients.

Conclusion
The identi�cation of the distinct microbiota may bene�t in the prediction as well as prevention of
different types of ovarian cancer. Moreover, it may dedicate to strengthen the therapeutic effect of
adjuvant treatment of cancer. These �ndings may provide new strategies for prevention, diagnosis, and
therapeutic effects to enhance health outcomes for women with ovary cancer.

1. Introduction
Ovarian cancer has become the most lethal malignant tumor for women[1, 2]. Considering its insidious
onset and poor response in advanced stages to various treatments, the development of vital prevention
strategy, early diagnostic mechanism, and precision therapies are of urgent priority[1]. Besides our late
discovery of the close relationship between gene mutation and occurrence of a small portion of ovarian
cancers, like BRCA1, BRCA2, Pten, TP53, etc., the most recent and important understanding about the
cause of ovarian cancer is the existence of some pathogenic substances in the lower reproductive tract.
These pathogens may play certain cancer-causing effects, which explains why ovarian cancer usually
starts at the tail ends of the fallopian tubes[3–6]. Moreover, tubal ligation and hysterectomy lower the risk
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of ovarian cancer by 20 ~ 30%[7]. These clinical observations partly challenge the inherent knowledge
that the ovarian located in an isolated environment and lacks active communication with outside for
anatomical reasons. Therefore, exploring the pathogenic or bene�cial role of microorganisms in the
design of the personalized treatment of ovarian cancer has signi�cant importance. Also the prevention
and prediction of ovarian cancer occurrence is a popular as well as important direction of current
research concerning women’s health.

Microorganisms, including viruses and bacteria, have been suspected of having a role in carcinogenesis
for a long time[8]. However, as for the upper reproductive tract, including the ovarian, the microorganism’s
existence is di�cult to detect, making the analysis of its pathogenetic effect even more challenging. A
2016 clinical study suggested that the local microbiome of endometrial cancer patients disrupted,
compared with benign uterine samples[9]. Our previous research also found microbial disorders in
ovarian cancer tissues[4]. Most studies have found that from the lower reproductive tract to the upper
reproductive tract, the microbial biomass is getting less, but the diversity has become richer[10, 11].
However, there still lacks substantial evidence to link microbial dysbiosis and ovarian tumorigenesis
directly. On the other hand, researchers found that certain microbiome could in�uence the therapeutic
e�cacy of different cancer treatments, including chemotherapy and immunotherapy, for various tumor
types[12, 13]. As for ovarian cancer, it is still unknow whether chemotherapy-resistant and chemotherapy-
sensitive patients own speci�c microbial signatures.

In this study, we tested the hypotheses that (a) The microorganisms in the ovary are mainly from the
lower genital tract, and fallopian tube ligation can affect the microbial composition of ovarian cancer. (b)
The different microbial distribution of ovarian cancer tissue could impact the therapeutic effect of
postoperative chemotherapy. We designed a controlled clinical experiment to analyze the microbial
distribution of ovarian cancer systematically. The clinical samples were harvested from the lower
reproductive tract to the upper reproductive tract in patients with ovarian cancer. Benign lesions were
collected from controlling subjects who required removal of the uterine appendages, the metagenomic
sequencing analyses discovered the distribution characteristics of microorganisms in the samples from
cervical, uterine cavity, fallopian tube, and ovarian. Meanwhile, we combined clinical data, including the
presence or absence of fallopian tube ligation, postoperative chemotherapy resistance, etc. This study
intended to shed light on the precisive prevention, diagnosis, and treatment of ovarian cancer, which may
enhance health outcomes for women of all ages.

2. Materials And Methods

2.1 Patients
This is a prospective study approved by the Review Board of Tongji Hospital (Tongji Medical College,
Huazhong University of Science and Technology)[14]. The research subjects are divided into two groups,
the experimental group is the ovarian cancer patient group, and the control group is the benign lesion
group. Both groups of patients underwent bilateral salpingo-oophorectomy, and malignant patients
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underwent metastasis resection and lymph node dissection according to the stage. Patients in the two
groups did not use antibiotics within two weeks before surgery. The tumor patient has not received
chemotherapy treatment. All patients signed the informed consent.

2.2 Clinical sample collection
Established personal information �le of each patient, including the basic clinical information and all the
follow-up records. Cotton swab (CY-98000PS, Huachenyang Co., LTD, Shenzhen, China) samples were
taken from the surface of cervical (CCT), uterine cavity (EMT), fallopian tube (FTT), and ovarian (OCT).
The surgical environment and equipments swab samples were also taken to ensure that careful,
standardized, and appropriate controls were rigorously employed during sample processing. All samples
were transported in liquid nitrogen and stored in a -80° freezer.

2.3 Metagenomic shotgun sequencing
All cotton swabs (including control) prepared for the metagenomic shotgun sequencing according to
previous protocol[4]. Brie�y, total genomic DNA was extracted using QIAamp DNA Microbiome Kit
(Qiagen, USA). After DNA extraction, 1 µg genomic DNA was randomly fragmented by Covaris, followed
by puri�cation by AxyPrep Mag PCR clean-up kit. The fragmented DNA was selected by Agencourt
AMPure XP Medium kit to an average size of 200-400bp. The fragments were end-repaired by End Repair
Mix and puri�ed afterward. The repaired DNAs were combined with A-Tailing Mix. Then the Illumina
adaptors were ligated to the Adenylate 3’Ends DNA and followed by puri�cation. The products were
selected based on the insert size. Several rounds of PCR ampli�cation with PCR Primer Cocktail and PCR
Master Mix were performed to enrich the Adapter-ligated DNA fragments. After puri�cation, the library
was quali�ed by the Agilent 2100 bioanalyzer (Agilent, USA) and ABI StepOnePlus Real-time PCR System.
Finally, the quali�ed libraries were sequenced on Illumina Hiseq platform (BGI-Shenzhen, China). Step
One Plus Realtime PCR System. Finally, the quali�ed libraries were sequenced on the Illumina Hiseq
platform (BGI-Shenzhen, China).

2.4 Statistical analysis
To �nd some microbial taxa that generally varied between adjacent body sites alongside tractus genitalis,
we speci�cally extracted those samples from all four sample sites of a same host and made taxonomic
pro�ling comparisons between adjacent body sites for every patient. To be more exact, for every two
adjoining sample sites, FTT vs. OCT, for example, we compared the relative abundance of the taxa
between FTT site’ sample and OCT site’ sample of the same patient. A taxon was considered as a
candidate differential abundant taxon if the absolute value of log2-transformed relative abundance
difference > = 0.5. In addition, if a taxon only appeared in one of the adjacent positions and its relative
abundance was not less than a speci�ed threshold (0.05%), it was also considered a candidate
differential abundant taxon. For these candidate differentials abundant taxa of the same adjacent body
site combination from a group of patients with same condition, we considered a microbial taxon as a
signi�cantly increased (or decreased) taxon if it was shared as candidate differential abundant taxon at
least in 75% of samples in that group. The signi�cant taxa were individually performed an unpaired



Page 6/17

Wilcoxon-rank sum test on all models from corresponding sample site and condition to examine the
statistical signi�cance of their difference.

To �nd the differential abundant taxa between ligated vs. unligated samples and non-recurrence vs.
others, we performed differential abundance analyses on the taxonomic count table from malignant
patients at OCT site using the R package Analysis of Composition of Microbiomes with Bias Correction
(ANCOMBC) v1.0.5, which using a linear regression framework to estimates the unknown sampling
fractions and corrects the bias induced by their differences among samples[15]. Taxa with a proportion
of zeroes greater than 0.9 will be excluded in the analysis. Bonferroni correction method adjusts P values
as recommended. A taxon was considered signi�cantly differentially abundant if adjusted P values were
< 0.05 between comparisons[16].

Except speci�cally illustrated, all the calculations were based on R 4.0.5 and Rstudio v1.4.1106. Veen
diagrams were drawn by the Venn Diagram package or UpSetR package[17, 18]. Other visualizations were
performed using the ggpubr and ggplot2 package. Multiple plots were arranged into a grid using the
Cowplot package. To correct for multiple testing, the raw statistics P values were adjusted using the false
discovery rate (FDR) method. The FDR signi�cance threshold was set to 0.05.

3. Results
Basic situation of research subjects

A total of 75 patients were enrolled in the study, and the detailed information was shown in Table 1.
Generally, there are 35 patients in the experimental group, with an average age of 52.7 ± 8.9, including 27
serous cell carcinoma (SC), two mucinous carcinoma (MC), three clear cell carcinoma (CCC), and three
endometrioid carcinoma(EC) patients. In this group, cotton swabs samples from four parts of the same
patient, including cervical, uterine cavity, fallopian tube, and ovarian, were harvested in 24 patients. For 9
cases, the fallopian tube samples were unavailable due to tumor invasion. For 1 case, the cervix was not
taken. And for the other one case, the cervical uterine cavity result was unavailable. There were thirty
noncancerous cases (benign cases) including cases of hysterectomy and adnexectomy due to
in�ammation or benign lesions, with an average age of 55.1 ± 11.2 in the control group, twenty of which
did not undergo ovariectomy. Among the malignant cases, eleven patients were not ligated, and thirteen
were ligated. Platinum resistant was de�ned as relapse 6 months after 1st line platinum-based
chemotherapy[19]. Eight cases were platinum-resistant, and nineteen cases were platinum-sensitive.

General microbial distribution in the paired samples of both benign and malignant patients

After the sample data has undergone strict quality control and de-host analysis, Kraken2 + PlusPF is used
for species annotation. Then the seqkit stat is used to perform a basic analysis of the quality-controlled
sample data. The average read sequence length of samples from patients in each state is in the range of
61bp to 147.3 bp, and the median is in the range of 103bp to 144bp. The base quality of the read
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sequence of each state sample is acceptable, and the median Q30 ratio is above 96% (SuppFig1 A). The
reads of samples of different parts can be effectively annotated (SuppFig1 B and C).

Further analysis of the speci�c composition of microorganisms, bacteria accounted for the highest
proportion in each sample, with a median of 99%. The ratio of fungi, viruses, eukaryotes, and archaea
was relatively small, less than 1% in most samples. At the phylum level, the top 5 relative abundance are
Proteobacteria, Firmicutes, Actinobacteria, Bacteroidetes, and Tenericutes (SuppFig1 E). The
Proteobacteria phylum has the highest abundance in all samples. The proportion of Firmicutes in cervical
samples is higher than that of the other three parts. The average abundance of Actinobacteria bacteria
from all malignant patients is higher than that in benign patients, especially in the ovarian. At the species
level, the OUTs that appear in at least 10% of the samples are conserved. The top 5 are Pseudomonas
tolaasii, Klebsiella pneumoniae, Salmonella sp, Acinetobacter johnsonii, and Escherichia coli (Fig. 1A). On
a species level, species-level alpha-diversity suggests no difference in microbial diversity in the cervix,
uterine cavity, and fallopian tube except for ovarian tissue (Fig. 1A, SuppFig 1 D).

To analyze the migration of microorganisms from the lower reproductive tract to the upper reproductive
tract, we conducted a similarity analysis of the adjacent positions of samples from the four parts. At the
phylum level, the relative abundance of Firmicutes bacteria in both the benign and malignant patients
generally decreased from CCT to EMT (SuppFig2 A and B). The relative abundance of Ascomycota
bacteria in malignant patients from EMT to FTT was both increased, and the difference was statistically
signi�cant (p < 0.01) (SuppFig2 C and D). The relative abundance of Uroviricota gate in benign patients
from FTT to OCT generally raised, but the difference was not statistically signi�cant. (SuppFig2 E and F)
At the level of CCT-EMT, there are differences in the similarity between the two groups, and the differences
are apparent (Fig. 1B). There was no signi�cant difference in the parallel of other parts between the two
groups, the relative abundance of Brevundimonas sp. DS20 bacteria in group B patients generally
decreased from CCT to EMT. The relative abundance of Brevundimonas mediterranea, Brevundimonas
sp. scallop, Brevundimonas sp. Bb-A, Brevundimonas sp. DS20, Brevundimonas sp. GW460-12-10-14-LB2,
Brevundimonas sp. SGAir0440 and Cutibacterium_acness is reduced from CCT to EMT in the malignant
group (SuppFig3 A and B). Cutibacterium acnes and Komagataella pha�i generally increased in relative
abundance from EMT to FTT in patients in malignant group (SuppFig3 C and D). The relative abundance
of Cutibacterium acnes in benign patients from FTT to OCT has an upward trend (p > 0.05). The relative
abundance of Brucella intermedia in the experiment group from FTT to OCT decreased, which has a
statistical difference.

For the sample diversity, the beta diversity analysis indicated that there are signi�cant differences in the
microbial composition of patients in different groups (P < = 0.001) (Fig. 1C). To better show the species
distribution of different groups in other parts, we performed a Venn diagram analysis. The result
suggested that the out shared by four parts accounted for the majority, indicating that the lower
reproductive tract is the primary source of microorganisms for the upper reproductive tract.

The microbial differences among the four parts of a same patient
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To exclude the effects of different microbial populations between subjects, we further analyzed of the
types of microorganisms in four parts of a single patient. Brie�y, we analyzed the relative abundance of
microbes at the species level of four parts in 10 patients of benign subjects and 24 patients of malignant
subjects. The samples of these 34 cases were divided into two clusters according to the salmonella sp.
abundance (> 1%), depending on the environmental control and sample classi�cation. We then analyzed
the distribution of Salmonella sp. and Pseudomonas Tolaasii in benign and malignant patients with the
relative abundance of salmonella sp. more than 1% at any part (CCT, EMT, FTT, or OCT). In the benign
group, the relative abundance of Pseudomonas tolaasii gradually decreased as migrated upward from
the lower reproductive tract to the ovarian tissue. There was a similar trend in the malignant samples.
Meanwhile, Salmonella sp. gradually enriched among the 4 sites within the malignant group. The relative
abundance in the uterine cavity was signi�cantly higher than that of the lower reproductive tract (cervix)
(Fig. 2B). Interestingly, while no difference of Pseudomonas tolaasii abundance was detected in all
samples of benign and malignant cases, Salmonella sp enriched in both benign and malignant uterine
cavities. Moreover, in malignant patients, Salmonella sp. is further increased in the ovary, while in benign
cases, no such enrichment in ovary samples (Fig. 2C). The phenomenon also supported that the
microorganisms in ovarian tissue originate from the reproductive tract. These �ndings illustrate that the
migration of the upper reproductive tract microorganisms of the malignant patients was different from
that of benign controls with noticeable enriched microorganisms.

Malignant ovarian tissue had distinct microbial signatures

To clarify the distribution of microorganisms on the malignant ovarian tissues, the ovarian samples of 34
experimental subjects were compared with the samples of 10 cases of benign ovarian tissues. The two
groups were different in the distribution of β-diversity (P = 0.001, and P = 0.005) at the genus level and the
species level. There are 146 genus-level OTUs in all the ovarian samples. The differential bacteria
enriched on the surface of malignant ovarian tissue are Salmonella, Asticcacaulis, Arthrobacter,
Lactobacillus, Pseudarthrobacter, and Pseudarthrobacter. The top 5 different bacteria enriched on the
surface of benign ovarian tissue are Brevundimonas, Ralstonia, Pandoraea, Streptococcus, and
Corynebacterium. Total of 329 OTUs at the species level. Salmonella sp., Asticcacaulis excentricus,
Acinetobacter sp. NEB 394, Acinetobacter lwo�i, and Arthrobacter sp. FB24 was enriched in malignant
tissues. While Brevundimonas sp. Bb-A, Brevundimonas sp. DS20, Ralstonia pickettii, Pandoraea
pnomenusa, Staphylococcus hominis, Komagataella pha�i, Finegoldia magna, Cutibacterium acnes,
Prevotella intermedia, and Agrobacterium tumefaciens were enriched in benign ovarian tissues. Notably,
Salmonella sp. was the most enriched species in malignant tissues, and its relative abundance was also
the highest in the bacteria.

The in�uence of tubal ligation on the distribution of microbiota on the surface of ovarian cancer tissue

It has been proved that tubal ligation and hysterectomy lower the risk of ovarian cancer. However, the
in�uence of the ligation on the microorganism distribution on the ovary remains unclear. In the current
study, a total of 312 OTUs were found between 13 fallopian tube ligated patients and 11 non-ligation
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patients. Though there was no statistical difference (p = 0.146), the β-diversity showed that the two
groups share unidentical compositions of microorganisms (Fig. 4A). This may be due to the insu�cient
sample numbers. Among the different species, the top 5 most enriched bacteria were: Arthrobacter sp.
J3.40, Arthrobacter sp. UKPF54-2, Arthrobacter sp. KBS0702, Arthrobacter sp. FB24, and Acinetobacter sp.
NEB 394 on the surface of the ovarian tissue in the ligated subjects. As for the ovarian tissue of the
unligated subjects, the most enriched species were Brevundimonas sp. DS20, Ralstonia mannitolilytica,
Brevundimonas mediterranea, Gardnerella vaginalis, Achromobacter xylosoxidans(Fig. 4B and C).

Platinum resistance and the microbiota distribution of the ovarian cancer tissues

The cancer is recognized as platinum-resistant if the cisplatin and carboplatin act no function half a year
after surgery. To determine the potential relationship between postoperative platinum treatment
resistance and ovarian cancer surface microbial population diversi�cation, we compared the ovarian
tissue surface microbial species between 19 postoperative platinum-sensitive and eight platinum-
resistant patients. On the species level, the two groups shared 226 species (Fig. 5A). The β-diversity
analysis indicated no difference in species between the two groups (p = 0.44). The top 5 enrichment in the
platinum-resistant group is Pseudomonas_aeruginosa, Ralstonia mannitolilytica, Achromobacter
xylosoxidans, Brevundimonas sp. DS20, and Brevundimonas sp. Bb-A (Fig. 5B and C).

4. Discussion
There have been many studies on the correlation between local carcinogenesis and dysbiotic microbiota,
pathobionts, and/or pathogens in the upper reproductive tract[9, 20–22]. Tumor-associated microbes
could predict to the occurrence of cancer. On the other hand, microbes enriched in tumor pose unexpected
effects on the therapeutic effect of different cancer treatments (including radiotherapy, chemotherapy,
and especially immunotherapy)[23, 24]. Our previous 16S rRNA sequencing analysis suggested that there
were distinct microbial signatures in ovarian cancer tissue as compared to the normal fallopian tube
tissue[4]. In this work, we collected controlled clinical samples from ovarian cancer subjects that migrated
from the lower reproductive tract (cervix) to the upper reproductive tract (uterine cavity, fallopian tube, and
ovary) to conduct microbial metagenomic analysis. The results suggested that the relative abundance of
bacteria is the highest among the four sample harvest parts. The relative abundance of fungi, viruses,
archaea, and protists accounted for about 1%. In terms of bacteria, there was a distinct low-biomass
microbiota in the upper reproductive tract of malignant ovarian cancer. There were also characteristic
microbiota distributions on ovarian tissues. Meanwhile, there are different colonies upon clinical
information grouping, including fallopian tube ligation and platinum resistance.

Origin of ovarian microbiota

Microorganisms in the upper reproductive tract of benign and malignant patients mainly come from the
lower reproductive tract[11]. The abdominal environment and the systemic circulatory system may also
in�uence the microbiome of the upper reproductive tract[25]. On the other hand, the upper reproductive
tract and the lower reproductive tract are linked directly, and pathogens in the lower reproductive tract,
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such as the vagina, may migrate to the upper reproductive tract and even the pelvic cavity along with the
tissue structure[26]. Intriguingly, in addition to a large number of microorganisms that migrate from the
lower reproductive tract, our sequencing data also found that the uterine cavity locating the upper
reproductive tract has a large number of microbial populations that are different from the lower
reproductive tract. We hypothesized that this part of the microorganisms might colonize and enrich the
uterine cavity through the systemic circulation, and then gradually move upward to the fallopian tubes
and ovaries. Interestingly, we also did �nd a few unique taxa that were not derived from the reproductive
tract on the surface of the ovary. Some previous studies reported that intestinal microbes could enter the
pelvic cavity under certain conditions (intestinal permeability change) and then colonize the ovarian
tissue[21, 27]. The intestinal microbiota could also colonize the lower reproductive tract via the anus and
vagina and subsequently affect the upper reproductive tract[28]. Similarly, blood circulation has been
reported as an independent way for microorganisms to accumulate in ovarian tissue. However, these
conjectures are inseparable from the fact that the primary source of microorganisms is the digestive
tract.

Tubal ligation can cut off the path of upper reproductive tract gynecological microorganisms to the
ovary[29]. Our study found that although no statistical difference, the bacteria enrichment on the ovarian
surface of the ligated group differed from that of the non-ligated subject. The limited sample size may be
a potential reason. Many studies have suggested that ligation could reduce the recurrence of ovarian
cancer. One explanation was that fallopian tube ligation changes the blood supply of the ovaries[7].
Furthermore, it has to be considered that ligation cuts off the structural path of all possible pathogenic
substances from the vagina.

Microorganisms associated with the occurrence of ovarian cancer

Compared with benign lesions, the local microenvironment of ovarian cancer did display an obvious
microbial signature. The host's response to local microbial dysbiosis is crucial to the study of
tumorigenesis[30]. However, whether the cancer-associated microbiota leads to tumor-permissive
microenvironment is still unclear. This study suggested that there are enriched pathogens, Salmonella, on
the surface of multiple ovarian cancer tissues. Previous researches have reported that patients with
Salmonella infection were six times more likely to suffer hepatobiliary cancer. Salmonella may participate
in many pathogenic reactions that promote the occurrence and progress of cancer[31]. In addition, we
also observed a higher abundance of Brevundimonas sp in the control group.

Microorganisms associated with treatment outcomes

Speci�c microbial colonies may enhance the therapeutic effect during the adjuvant treatment of
tumors[12, 13, 32]. Studies of intestinal microbiome on affecting the effectiveness of chemotherapy
drugs, enhancing the response to radiotherapy, and regulating the immune response of the body have
been reported successively[33, 34]. The recent advances in the understanding of innate immunity and
microbiota have ushered in a new era in the continued efforts to better understand the treatment and
prevention of carcinoma[35].
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However, evidence regarding the tumor local microbiota and their function in manipulating radiotherapy,
chemotherapy, and immunotherapy is still unavailable. On the other hand, although the treatment of
ovarian cancer has greatly improved over the last 50 years, the options for clinicians still limits in
integrating optimal surgery and systemic therapy (chemotherapy, targeted therapy etc). Thus, the
identi�cation of predictive biomarkers and the explication of mechanism of the recurrence and resistance
is the cornerstone to further improve treatment effectiveness and to develop new generation of microbio-
bio-treatment[36–38]. In this study, we found enriched differential colonies on the surface of ovarian
cancer tissues in the platinum-resistant group, which indicated that these bacterial groups may be the
potential targets for improving ovarian cancer therapies after drug resistance. Moreover, the
understanding of the critical interactions between microbe and the host would help researchers utilizing
patient responsiveness in the improvement of future therapeutic agents.

Importantly, the identi�cation of a site-speci�c microbiome may bene�t the prediction and prevention of
different types of ovarian cancer. Moreover, it may dedicate to strengthen the therapeutic effect of
adjuvant treatment of cancer[39]. Elucidating these complex host–microbiome interactions, including the
changes from lower reproductive tract to the upper reproductive tract, will translate into interventions for
prevention, diagnosis, and therapeutic effects to enhance health outcomes for women with ovary cancer.

Strengths and limitations

For the limitation of this study, the sample size is small. Also, due to the low microbial abundance of the
upper reproductive tract, some samples were unquali�ed, resulting in a small number of matched
samples. In addition, because of covid-19, some patients have lost the postoperative treatment
information. Furthermore, this study lacked the consideration of the potential effect of cyclic hormones
on the local microecology of ovarian cancer. Moreover, the control group was selected as patients with
benign disease, which differed from the healthy control. Similarly, there was no clinical data on the long-
term intake of oral contraceptives, so the microbiological composition of the oral contraceptive
population has not been considered. In the following design, we will include multi-center large-sample
clinical trials to increase evidence degree to explain better the role of microecology in female reproductive
tract health and provide new clinical strategies for the prevention and treatment of ovarian cancer.

5. Conclusions And Expert Recommendations
We live in a constant symbiosis with thousands of distinct bacterial strains that have co-evolved with us.
Besides the digestive and respiratory tracts, the reproductive tract is also a major microbial habitat. It is of
great signi�cance to study the microbial distribution characteristics of the reproductive tract for a
comprehensive understanding of the occurrence of reproductive tract diseases and for a precise
development of new treatment methods. In the current study, we sought to explore the role that microbes
play in the development and progression of ovarian cancer. The results showed that the distribution
characteristic of microorganisms from the lower genital tract to the upper genital tract. And also, we
unveiled the differences in the composition of microorganisms in benign and malignant ovarian tissues.
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Through clinical follow-up data, it was further discovered that there were differences in bacterial �ora
between chemotherapy-sensitive/resistant patients.

Based on our metagenomic analysis of the microbiome of the upper reproductive tract, it may bene�t in
the following three aspects in the future. (a) To predict the occurrence of ovarian cancer and the effect of
platinum therapy by detecting related microorganisms in the lower reproductive tract. (b) To prevent the
occurrence of ovarian cancer through the improvement of the microecology of the lower reproductive
tract by regulating the local innate and acquired immune microenvironment. (c) To design a personalized
treatment plan based on the local microbiome and the corresponding immune microenvironment.
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Tables
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Figures

Figure 1

Signature species for each body site. A. Species-level relative abundance community barplot analysis of
metagenomic shotgun sequencing in the cervical (CCT), uterine cavity (EMT), fallopian tube (FTT), and
ovarian (OCT) from the benign(B) or malignant (M) lesion patients. B. Bray-Curtis dissimilarity and
Spearman‘s correlation coe�cient analysis of two adjacent parts at species level. C. Species-level Beta-
divserity analysis . (Aitchison distance, PCA). There is taxa diversity in different sites in two types of
diseases by PERMAVONA analysis Condition: P=0.001 SampleSite: P=0.001 . D. Veen plot of microbial
species among different sample sites

Figure 2

Signature species within and between individuals. A. Species-level relative abundance community barplot
analysis at 4 sites per patient. B. The relative abundance of Salmonella sp. and P. tolaasii in benign and
malignant patients presented in Fig 2A with the relative abundance of salmonella sp. more than 1% at
any site (CCT, EMT, FTT, or OCT) and C. The relative abundance of Salmonella sp. and P. tolaasii in total
samples of benign and malignant patients.
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Figure 3

The distribution of microorganisms on the surface of benign and malignant ovarian tissues. A. Genus-
level Beta-divserity analysis between 10 benign ovarian tissues and 34 malignant ones by PERMAVONA
analysis (p=0.001). B. Differential abundant genus between two groups by ANCOM-BC test. C. Relative
abundances of the differential abundant genus between two groups. D, E and F shows species’ signature.

Figure 4

Signature species on the surface of ovarian tissues between ligation and unligation of patients with
ovarian cancer. A. Species-level Beta-divserity analysis between 13 ligation and 11 unligation of patients
by PERMAVONA analysis (p=0.147). B. Differential abundant Species between two groups by ANCOM-BC
test. C. Relative abundances of the differential abundant Species between two groups.

Figure 5

Signature species on the surface of ovarian tissues between nineteen postoperative platinum-sensitive
and eight platinum-resistant patients. A. Species-level The Beta-diversity analysis indicated no difference
in species between the two groups. B. Differential abundant Species between two groups by ANCOM-BC
test. C. Relative abundances of the differential abundant Species between two groups.
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