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Pancreatic cancer (PC) is highly malignant and lacks an effective therapeutic schedule, hence that early diagnosis is of great
importance to achieve a good prognosis. Oral bacteria have been proved to be associated with pancreatic cancer, but the specific
mechanism has not been comprehensively illustrated. In our study, thirty-seven saliva samples in total were collected with ten
from PC patients, seventeen from benign pancreatic disease (BPD) patients, and ten from healthy controls (HC). The oral bacterial
community of HC, PC, and BPD groups was profiled by 16S rDNA high-throughput sequencing and bioinformatic methods. As
shown by Simpson, Inverse Simpson, Shannon and Heip, oral microbiome diversity of HC, BPD and PC groups is in increasing
order with the BPD and PC groups significantly higher than the HC group. Principal coordinate analysis (PCoA) suggested that
grouping by PC, BPD and HC was statistically significant. The linear discriminant analysis effect size (LEfSe) identified high
concentrations of Fusobacterium periodonticum and low concentrations of Neisseria mucosa as specific risk factors for PC.
Furthermore, predicted functions showed changes such as RNA processing and modification as well as the pathway of NOD-like
receptor signaling occurred in both PC and HC groups. Conclusively, our findings have confirmed the destruction of oral bacterial
community balance among patients with PC and BPD and indicated the potential of Fusobacterium periodonticum and Neisseria

mucosa as diagnostic biomarkers of PC.

1. Introduction

Pancreatic cancer (PC) is a common malignant tumor, leading
to around 432,242 deaths worldwide in 2018 [1]. Patients in the
early stage of PC have few symptoms, and the disease is com-
monly diagnosed during intermediate and advanced stages
for which there is no effective clinical treatment [2]. The five-
year relative survival rate of PC patients was around 9% [3].
Therefore, looking for new potential biomarkers will benefit
PC patient’s early diagnosis greatly. CA19.9 (carbohydrate
antigen 19.9) was released into blood by PC cells and widely
used in clinical diagnosis [4, 5]. However, the testing result
based on CA19.9, as well as other serological markers such as
CEA (carcinoembryonic antigen) are not so reliable [6-8].
Lots of diseases were related to the imbalance in the
body’s microbiome [4, 9]. Actually, the oral cavity is one of

the regions with the highest microbiome density and the larg-
est number of species in the body [10]. Many studies have
demonstrated that oral bacteria play an important role in the
development of cancer, especially the tumors of oral and gas-
trointestinal tract [11]. For example, Fusobacterium nuclea-
tum and Porphyromonas gingivalis have been frequently
researched and discussed [12-14]. The oral microbes can
communicate with other tissues of the digestive system
through blood circulation, lymphokines, or biliary conduction
[15], and oral bacteria were usually associated with cancer of
the entire digestive system [16]. Previous 16S sequencing stud-
ies revealed the crucial role of oral bacteria in the development
of pancreatic cancer, and several potential bacterial bio-
markers were identified including Aggregatibacter actinomyce-
temcomitans, Neisseria elongata, Porphyromonas gingivalis,
and Streptococcus mitis [17-19]. It can thus be seen that the
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community composition of oral microbes provided clues for
early diagnosis, monitoring, prevention, and treatment of PC.

The serological markers are generally secreted into pan-
creatic juice or blood via pancreatic epithelial tissue cells,
hence sampling is inconvenient. However, sampling saliva
and test of it are relatively easy. Although several oral bacteria
are found to be related with PC, the association between oral
bacteria and PC as well as BPD and the pathogenic mecha-
nism were not explored sufficiently [12, 14]. Under such cir-
cumstances, we carried out this research to discover new
available salivary biomarkers of PC, and to comprehensively
explain the potential mechanism of oral microbes in the
pathogenesis of PC. Thirty-seven saliva samples were col-
lected from ten PC patients, seventeen BPD patients, and
ten HC subjects. Based on 16S rDNA sequencing results,
we compared the microbial community among the three
groups and demonstrated that microbiome diversity in both
the BPD and PC groups was greatly higher than that in the
HC group. LEfSe outputs disclosed that Fusobacterium peri-
odonticum and Neisseria mucosa may be the potential bio-
markers of PC. Furtherly, the predicted bacterial gene
functions as well as the enriched pathways showed the signif-
icant variance between PC and HC groups concerning RNA
processing and modification and enriched pathways such as
the pathway of NOD-like receptor signaling. Our findings
found the association between oral bacteria and PC, and pos-
sible applications of oral bacteria in diagnostic and treatment
strategies for PC.

2. Materials and Methods

2.1. Subjects and Sample Collection. A total of ten PC patients,
seventeen BPD patients and ten HC subjects were enrolled in
this study. Exclusion criteria included antibiotic treatment
within 8 weeks, oral disease, digestive disease, genetic disease,
other cancers and immune system diseases at the time of
sample collection. Both PC and BPD groups were diagnosed
by endoscopic ultrasonography and histopathologic
examination at the First Hospital Affiliated to Army Medical
University, China. It should be noted that the BPD group
includes pancreatitis, chronic pancreatitis, and benign pan-
creatic tumors. This study was approved by the Ethics Board
at the Army Medical University and performed in accor-
dance with the Helsinki Declaration and Rules of Good
Clinical Practice. Written informed consent upon enrollment
as well as questionnaires addressing past medical history and
lifestyles was obtained from all the volunteers.

In order to avoid the medical intervention that provokes
an alteration in the oral microbiome, the samples were taken
from each enrolled subject as close as possible to the time of
enrolment. The volunteers were asked not to brush their
teeth the night before and the morning of sampling, and
not to have breakfast. At eight a.m., the volunteers gargled
their mouths with sterile saline before sampling, then held
the natural, unstimulated saliva in their mouths for about 1
minute before slowly spitting it into the samplers. For each
volunteer, 10 mL of saliva was collected and transferred to
the cryopreservation box immediately, then it was returned
to the laboratory for dispensing and numbering, and frozen
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at -80°C within 1 hour. Samples mixed with blood are
not retained.

2.2. DNA Isolation, PCR, and Sequencing. The bacterial DNA
was extracted from the salivary samples using the FastDNA®
SPIN Kit for Soil (Majorbio, Shanghai, China) following the
manufacturer’s protocol, and DNAs were quantified via
NanoDrop 2000. The V3-V4 region of the bacterial 16S
ribosomal RNA (rRNA) gene, which is generally considered
the standard target, was PCR-amplified using universal
primers 338F 5'-ACTCCTACGGGAGGCAGCAG-3' and
806R 5'-GGACTACHVGGGTWTCTAAT-3". Meanwhile,
an eight-base sequence served as the barcode was added,
which was unique to each sample. PCR reactions (20 L)
contained 4 uL of 5x FastPfu Buffer, 2 yL of 2.5 mM dNTPs,
0.8 uL of each primer (5uM), 0.4 uL of TransStart FastPfu
DNA Polymerase, 0.2 uL BSA, 10ng template DNA, and
ddH,O. Thermal cycling consisted of the initial denaturation
at 95°C for 2 min, followed by 25 cycles at 95°C for 30, 55°C
for 30, 72°C for 45 s and a final extension at 72°C for 10 min.
The construction of high-throughput sequencing libraries
and pair-end sequencing was performed using the Illumina
MiSeq platform according to the manufacturer’s recommen-
dations. Finally, all the raw reads were deposited into the
NCBI Sequence Read Archive (SRA) database (Bioproject
accession Number: SRP237984).

2.3. Bioinformatic and Statistical Analysis. Firstly, after the
raw DNA fragments were generated, we merged the paired-
end reads into a single sequence by means of using FLASH
software v.1.2.10 (Fast Length Adjustment of SHort reads)
[20]. Then, 16S rRNA OTUs (operational taxonomic units)
were selected from the combined reads via QIIME toolkit
v.1.9.1 (Quantitative Insights into Microbial Ecology) [21].
Note that sequences with 97% identity were assigned to the
same OTU and the one with the highest frequencies was
selected as the representative sequence. Thirdly, we used
the RDP classifier v.2.2 (The Ribosomal Database Project)
to annotate taxonomic information for each representative
sequence [22]. Before performing the subsequent analysis,
we used USEARCH 11 to randomly select an equal number
of OTU sequences for all samples according to the minimum
number of OTU sequences in samples. And next, based on
the subordinate OTUs of different research groups, the corre-
sponding alpha diversity was calculated on the indexes that
include Simpson, Heip and Shannon. Note that Simpson
employed here shows the negative correlation with bacterial
diversity, and other indexes are positively correlated. The sta-
tistical differences of the calculated alpha diversity indexes of
three groups were analyzed by a nonparametric factorial
Kruskal-Wallis sum-rank test (K-W test) and post hoc
Dunn’s multiple comparison test (Dunn’s test) [23]. Beta
diversity distance between samples was calculated using prin-
cipal coordinate analysis (PCoA) to explain the phylogenetic
variation based on the weighted UniFrac values. Beta diver-
sity comparisons were done using analysis of similarities via
ANNOSIM and NMDS. LEfSe was employed to compare
the relative abundance of bacterial taxa between the groups,
and the results were profiled via cladograms and taxonomic
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bar charts [24]. Only the bacterial taxa with a linear discrim-
inant analysis (LDA) score greater than a certain value and
presented statistically significant (P value < 0.05) can be con-
sidered the meaningfully different taxa. KEGG pathways and
COG (clusters of orthologous groups) functions were pre-
dicted by PICRUSt (phylogenetic investigation of communi-
ties by reconstruction of unobserved states) based on 16S
rDNA sequencing data [25]. Correlation study shows that
PICRUSt’s prediction accuracy can even reach 0.95, and it
is recognized as one of the most suitable function prediction
tools [25]. The predicted KEGG and COG results of
PICRUSt were compared between groups according to the
sequence number of the corresponding results using the
K-W test and Dunn’s test. Statistical significance was
accepted at P value < 0.05.

3. Results

3.1. Clinical Characteristics of the Participants. After applying
rigorous inclusion and exclusion criteria, a total of ten PC
patients, seventeen BPD patients and ten HC subjects were
finally involved in this study. All participants were in the
state of oral healthy. Table S1 detailed the clinical
characteristics of volunteers. There are no significant
differences between these groups in terms of gender,
smoking and drinking (P value < 0.05). Tumor
differentiation exhibited that ten PC patients were
distributed in all the stages. The average age of PC or BPD
patients is relatively close to the onset age of PC or BPD.
Although the HC group has a lower average age, it is still
appropriate for this study as the control considering the
temporal stability of the oral microbiome.

3.2. Differences in Salivary Microbiota Diversity. To analyze
the bacterial composition and differences among PC, BPD
and HC groups, we applied high-throughput sequencing to
detect the V3-V4 region of the bacterial 16S rRNA gene. As
aresult, 5,076,996 raw sequence reads with an average length
of 445 bps were produced from all the thirty-seven samples.
In total, 449 OTUs (operational taxonomic units) were
obtained from the sequencing results, which include 19
phyla, 35 classes, 70 orders, 103 families, 193 genera, and
364 species. The Simpson and Heip indexes explicitly showed
that the differences of oral bacterial community composition
existed among the three groups. The mean value of the
Simpson index was gradually decreased from the HC
(0.113, SD = 0.039) to the BPD (0.067, SD =0.023) and then
the PC group (0.062, SD = 0.027) (Figure 1(a)). Both PC and
BPD groups were significantly higher than the HC group,
respectively (P value < 0.05), but there was no obvious differ-
ence between PC and BPD groups (P value > 0.05). The mean
value of the Heip index was gradually increased from the HC
(0.101, SD = 0.028) to the BPD (0.159, SD = 0.041) and then
the PC group (0.178, SD =0.048) (Figure 1(b)). The Heip
index indicated that the PC group has the highest species uni-
formity followed by the BPD and HC groups. Moreover, the
mean value of Inverse Simpson and Shannon indexes in the
PC, BPD and HC groups was increased from the HC
(10.016, SD = 3.880; 2.970, SD = 0.350) to the BPD (17.019,

SD=7.088; 3.514, SD=0.393) and then the PC group
(19.591, SD = 8.166; 3.587, SD = 0.430) (Figure S1).

As shown in Figure 1(c), the weighted UniFrac analysis
depicted the distance relationship between samples of the
PC, BPD, and HC groups. ANOSIM analysis showed that
the classification of the three groups of samples yielded a
P value of 0.02 and a r value of 0.12, which indicated that
the among-group difference was greater than the intragroup
difference. To further reveal the significance of grouping, we
performed analysis of NMDS, and the results exhibited that
the stress value of PC, BPD, and HC was 0.11 (less than 0.2).
To sum up, the three groups in this study have statistically
significant differences in the bacterial community structure,
and the grouping of PC and HC is the most explanatory.

3.3. The Oral Bacterial Composition. As shown in Figure 1(d),
the statistical analysis for bacterial abundance revealed the
differences of the oral bacterium community structure
among the PC, BPD, and HC groups. At the phylum level,
the top five bacterial members of the PC, BPD, and HC
groups were identical, including Actinobacteria, Bacteroi-
detes, Firmicutes, Fusobacteria, and Proteobacteria, and their
proportion in total OTUs were 95.28%, 95.85%, and 98.06%,
respectively. However, the relative proportions of dominant
bacteria have changed. Both the dominant bacteria in the
HC group (45.60%) and the BPD group (29.40%) were Pro-
teobacteria. In contrast, the dominant bacteria in the PC
group were Bacteroidetes (31.96%), and Proteobacteria was
significantly reduced to 20.85%. At the family and genus
levels, the dominant bacteria of the PC, BPD, and HC groups
were identical, while the corresponded proportion was differ-
ent from one another. The dominant bacteria in the HC
group were Neisseriaceae (28.84%) at the family level and
Neisseria (28.60%) at the genus level, while the dominant
genus in the PC group was Prevotellaceae (23.72%), Neisseria
(12.55%), and Veillonella (12.12%). The changing trend of
dominant bacteria in the BPD group relative to the HC group
was consistent with that of the PC group, but its magnitude
was smaller than that of the PC group. At the species level,
the PC, BPD, and HC groups possess the same top five
bacteria, which are Neisseria mucosa, Haemophilus parain-
fluenzae, Prevotella melaninogenica, Veillonella dispar, and
Fusobacterium periodonticum, but the relative proportions
of dominant bacteria are different across the three groups.
Both the dominant bacteria in the HC group (10.97%) and
the BPD group (9.30%) were Neisseria mucosa. In compari-
son, the dominant bacteria in the PC group was Veillonella
dispar (8.32%). Of the top five bacteria, Neisseria mucosa
and Fusobacterium periodonticum showed great change
amplitude across the HC (10.97%, 2.93%) and PC (4.60%,
5.94%) groups.

We carried out the K-W test and post hoc Dunn’s test of
the HC, BPD, and PC groups based on the OTUs at the phy-
lum, family, and species levels. At the phylum level, two of
nineteen bacterial taxa exhibited a significant difference
between groups. The abundance of Proteobacteria in both
the PC and BPD groups was notably lower as compared with
the HC group, while the abundance of Spirochaetae in both
the PC and BPD groups was markedly higher as compared
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FiGure 1: Phylogenetic diversity of oral bacteria community composition among the PC, BPD, and HC groups. (a) Histogram depicts
community diversity according to the Simpson index among the PC, BPD, and HC groups. (b) Histogram depicts community evenness
according to the Heip index among the PC, BPD, and HC groups. (c) Bacterial diversity clustering by weighted UniFrac PCoA of oral
bacteria. Each symbol represents a sample and the variance explained by the PCs in parentheses on the axes. (d) Stacked bar depicts the
relative proportions of oral bacteria among the PC, BPD, and HC groups at the phylum, family, genus, and species levels. Note: the

«, »

symbol of

with the HC group. At the family level, eight of one hundred
and three bacterial taxa showed a significant difference
between groups. Neisseriaceae, which was the dominant bac-
teria in the HC group, was dramatically lower in the PC
group than both the HC and BPD groups. But Prevotellaceae,
which was the dominant microbe in the PC group, displayed
no distinct variation between groups. At the species level,
thirty-six of three hundred and sixty-four bacterial taxa
showed a distinct difference between groups. However, no
statistically significant abundance difference of any bacterial
taxa was detected between the PC and BPD groups.

3.4. Potential Saliva Biomarkers Associated with PC. LEfSe
was performed to further uncover the remarkable species of
oral microbiota that characterizes the differences between

*” represents the P value between groups which is less than 0.05.

the groups (Figure 2). Firstly, we exhibited the oral bacterial
taxa between the HC, BPD, and PC groups (Figure 2(a)).
When the logl0 (LDA score) was greater than 3.5, the
dominant bacteria in the PC group were Fusobacterium,
Megasphaera, Prevotella, Spirochaeta, and Treponema, the
dominant bacteria in the HC group were Leptotrichia and
Neisseria, and the dominant bacterium in BPD was Seleno-
monas. We then explored the variant bacterial species
between the PC and HC groups (Figure 2(b)). When the
log10 (LDA score) was greater than 4.0, the dominant bacte-
ria in the PC group were Fusobacterium and Prevotella, even
including Fusobacterium periodonticum at the species level.
Simultaneously, the dominant bacteria in the HC group were
Neisseria and Haemophilus, even including Neisseria mucosa,
Haemophilus parainfluenzae, and Leptotrichia goodfellowii at
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F1GURE 2: LEfSe and LDA analyses based on OTUs characterize bacteria among the PC, BPD, and HC groups. Cladogram using LEfSe strategy
revealing the phylogenetic distribution of oral bacteria related to patients with PC (black), patients with BPD (orange), and HC subjects
(green). LDA scores showed a significant bacterial difference between groups. The logl0 scaled LDA score is indicated at the bottom, and
the red box represents the selected threshold.

nant bacteria in the BPD group were Campylobacter,
Capnocytophaga, Megasphaera, Prevotella, and Selenomo-
nas at the genera level while the dominant bacterium

the species level. Finally, we compared bacterial species
between the BPD and HC groups (Figure 2(c)). When
the logl0 (LDA score) was greater than 3.5, the domi-



in the HC group was only Proteobacteria at the phy-
lum level.

3.5. Specific Changes of the Biological Functions. In order to
characterize the changes in biological functions that may be
involved in the PC, BPD, and HC groups, the PICRUSt
toolkit was adopted to predict COG functions and KEGG
pathways. As a result, a total of two hundred and eighteen
KEGG pathways were predicted, and fifty-two were showed
notably different between the three groups based on the
number of sequences which are correlated with the pathways.
Of the 52 KEGG pathways, 8 showed commonly significant
changes in the comparison between the PC and HC groups
as well as the BPD and HC groups (P value < 0.05), and
Figure 3(a) portrayed the value of log10 relative fold change
between groups for the eight pathways. Particularly, there
were four of the fifty-two pathways involved in the glucose
metabolism (Figure 3(b)), which are N-glycan biosynthesis,
various types of N-glycan biosynthesis, lipopolysaccharide
biosynthesis, and peptidoglycan biosynthesis. In addition,
forty-two pathways showed significant differences between
the PC and HC groups (P value < 0.05), of which eight path-
ways were upregulated and thirty-two pathways were down-
regulated. After that, an equal number of downregulated
pathways were selected by the value of logl0 relative fold
change, and then, the fold change relationship between
groups for the sixteen pathways is described in Figure 3(c).
A total of twenty-five COG function terms were predicted,
and only five terms exhibited significant difference between
the three groups based on the number of sequences which
are correlated with the COG terms. The twenty-five COG
function terms may be divided into three categories, which
are the cellular process and signaling, the information storage
and processing, and the metabolism [26, 27]. In Figure 4(a),
for each of the twenty-five COG function terms, the point
diagram displayed the statistical relationships between
groups, and the stacked bar conveyed the information about
the number of correlated sequences of each group. The five
COG function items that showed a significant difference
between the three groups are “RNA processing and modifica-
tion,” “cell cycle control, cell division, chromosome partition-
ing,” “inorganic ion transport and metabolism,” “intracellular
trafficking, secretion, and vesicular transport,” and “function
unknown.” Except for “function unknown,” Figure 4(b) por-
trayed the distribution of the number of sequences of all the
samples in the three groups.

Not only does there exists a strong correlation of oral bac-
teria with pancreatic cancer, but we also presented here the
relationship of oral microbiome with other cancers. Firstly,
in contrast to healthy controls, patients with oral squamous
cell carcinoma are usually carrying a higher proportion of
bacteria of Streptococcus anginosus, Streptococcus mitis, Cap-
nocytophaga gingivalis, Prevotella melaninogenica, and Por-
phyromonas gingivalis orally [28-30]. Then, oral mucosal
cancer subjects have higher salivary counts of Streptococcus
intermedius, Streptococcus constellatus, Streptococcus oralis,
Streptococcus mitis, Streptococcus sanguis, and Streptococcus
salivarius, which may be treated as the diagnostic indicators
[31]. And next, head and neck squamous cell carcinoma also
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is associated with oral bacteria; prior studies showed the
trend that the bacteria of Streptococcus anginosus were
elevated [32]. Further, colorectal cancer patients with low
levels of Fusobacterium nucleatum had a significantly longer
overall survival time than patients with moderate and high
levels of the bacterium [33]. In addition, Streptococcus angi-
nosus, Streptococcus mitis, and Treponema denticola could
have a significant role in the carcinogenic process of esopha-
geal cancer by causing inflammation [34]. Finally, previous
investigation described that Oribacterium sp. and Fusobac-
terium sp. could distinguish liver cancer patients from
healthy subjects [35].

4. Discussion

PC has a high mortality rate, and the five-year survival rate of
PC patients was about 9% [1]. PC is highly invasive with a
poor prognosis and lacks effective therapeutic drugs [2].
Therefore, prevention at an early stage of PC is of crucial
importance. As stated above, the oral cavity is characterized
by the highest microbiome density and possesses the largest
number of species in the body, and oral bacteria have been
proved associated with many cancers, especially gastro-
intestinal tumors [10]. The architecture of microbiome
communities orally seems to reflect health status in certain
circumstances, making the analysis of oral microbiomes a
promising approach for cancer diagnostics. Previous studies
have shown that the imbalance of oral bacteria community
composition was associated with the development of PC,
and some bacteria may be the potential diagnostic markers
[17-19]. The role of oral microbiota in the pathogenesis of
cancer may be ascribed to the bacterial stimulation of chronic
inflammation or secreting some virulence factors thatactin a
carcinogenic manner. Observably, the association of oral
bacteria and PC as well as the BPD and the pathogenic mech-
anism were not yet explored sufficiently. This study is
expected to contribute to this topic.

It is well known that species diversity increased with the
rise of species richness as well as uniformity. Herein, we
explored the species diversity of oral bacterial communities
among the three groups. The performance of different groups
on the Simpson uncovered that oral bacteria species diversity
of both the PC group and the BPD group was obviously
higher than that of the HC group, but there was no significant
difference between PC and BPD. Other species diversity
indexes such as Shannon also supported the result and corre-
spond with the previous study [36]. In general, our findings
demonstrated striking changes in the composition of the oral
bacterium community among the PC and BPD groups as
compared to the HC group. The differences perhaps related
indirectly to the biological functions of the pancreas because
of the imbalance in the body’s microbiome [18, 36].

Discovering biomarkers has proven to be the most
important and successful way to translate molecular and
genomic research output into clinical applications [24]. Our
efforts systematically shed light on the differences of oral bac-
terial community composition among the PC, BPD, and HC
groups. While compared with the salivary bacterial commu-
nity of the HC group, the PC group performed the consistent
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Pathways commonly changed in PC and BPD
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indicates that P value is less than 0.05. (c) Bar plots exhibited sixteen pathways specially changed in the PC group. Thereinto, eight
categories are upregulated, whereas eight categories are downregulated.

changing trend with the BPD group, but to a larger extent
than the BPD group. At the phylum level, PC patients tended
to have higher percentages of Bacteroidetes, Firmicutes, and
Fusobacteria and lower percentages of Proteobacteria. At
the finer taxonomic levels, we observed differences in the
abundances of particular genera in PC patients compared
with the HC and BPD groups. For example, the abundance
of Proteobacteria and its subordinate Neisseriaceae and Neis-
seria was sharply reduced in the PC group, and the vantage of
dominant bacteria was destroyed. Meanwhile, the ratio of
Fusobacteria and its subordinate Fusobacteriaceae, Fusobac-
terium, and even the Fusobacterium periodonticum is greatly
increased in the PC group.

LEfSe analysis further revealed the differences of the
microbial community between the research groups. The

greater the LDA score is, the more significant the microbial
biomarker is in the comparison. Figure 2 depicts the LEfSe
results. In Figure 2b, Fusobacterium periodonticum was spe-
cifically abundant in PC patients, meanwhile Neisseria
mucosa, Leptotrichia goodfellowii, and Haemophilus parain-
fluenzae T3T1 were characteristically enriched in the HC
group. However, the population of Leptotrichia goodfellowii
in the groups is very low (<0.002%), thus it is not appropriate
to treat it as the candidate risk factor for recognizing PC
patients from healthy individuals. As for Haemophilus para-
influenzae T3T1, previous research delineated that it was cor-
related with lung cancer, hence it may not be suitable to treat
it as the especially potential biomarker of PC [37]. As for
Neisseria mucosa, so far, no research displayed its percentage
variation in any cancers, and Fusobacterium periodonticum
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pancreatic cancer. The symbol of “#” indicates that P value is less than 0.05.

also has no evidence of its correlation with cancers except for
gastrointestinal tumors [38]. In Figure 2c, Megasphaera
micronuciformis performed a high LDA score, but it also
appeared in the Figure 2a, which means that no bacteria at
the species level can specially be applied for identifying
BPD patients from healthy individuals. In short, such perfor-
mance suggested that the low abundance of Neisseria
mucosa, and the high abundance of Fusobacterium periodon-
ticum, stands out as potential specific risk factors for PC.
We are the first to try to comprehensively report the pro-
tective effect of Neisseria mucosa from PC. Oral diseases such
as periodontal disease, caries, and tooth loss have been shown
to be independent risk factors for the development of PC
[39-41]. However, Neisseria in the oral cavity helps to pre-
vent oral diseases [42]. Neisseria in the mouth can metabolize

low-pH products such as lactic acid into weak acids and vol-
atile acids, thereby protecting us from the caries [43]. In addi-
tion, the production of acid may contribute to the acidic and
hypoxic microenvironment of the tumor, thereby improving
the metastatic capacity [44, 45]. In existing studies, the abun-
dance of Neisseria elongata, which belonged to Neisseria
together with Neisseria mucosa, was significantly lower in
the PC group than that in the HC group [18]. What we sus-
pect is that the sharp decrease of Neisseria was usually
accompanied by an increase in other pathogenic bacteria.
In fact, these studies also described that Toll-like receptors
recognize antigens of pathogenic bacteria and thereby modu-
late immune responses. In addition, inflammatory cytokines
activate NF-«B-associated cellular pathways and then regu-
late the expression of genes involved in inflammation,
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growth factors, and cell invasion molecules. NF-xB is contin-
uously activated in PC tissue cells. To sum up, the role of
Neisseria mucosa in the oral cavity may be a protective factor
for PC, but the association between Neisseria and PC needs
further exploration.

In this study, we also first try to comprehensively report
the pathogenetic effect of Fusobacterium periodonticum on
the development of PC. Fusobacterium nucleatum has been
shown to be involved in the development of colon cancer,
and its concentration levels in the adenomas and cancer tis-
sues were higher [46]. Moreover, studies have revealed that
FadA, a virulence factor secreted by Fusobacterium nuclea-
tum, is an important factor in carcinogenesis [47]. FadA
binds to E-catenin, activates 3-catenin, leads to upregulation
of “proinflammatory factors, wnt signaling, and oncogenes,”
and stimulates cell proliferation [48]. Actually, Fusobacter-
ium periodonticum and Fusobacterium nucleatum are the
only bacteria in the genus Fusobacterium that can secrete
FadA virulence factors. In addition, oral bacteria can spread
to the pancreas through blood circulation and biliary con-
duction [15]. A previous study has presented that the detec-
tion rate of Fusobacterium in PC tissues (283 cases) was
8.8%, and the presence of Fusobacterium was independently
associated with poor prognosis of PC (P value < 0.05), sug-
gesting that Fusobacterium may be a novel biomarker for
predicting the prognosis of PC [49]. The case-control studies
also support our above inference [36, 50]. Taken together,
adhesion of the exogenous virulence factor FadA of the Fuso-
bacterium periodonticum to host epithelial cells is most likely
one of the molecular mechanisms which lead to PC.

Although the pathway we found in the current study is
predicted based on the 16S sequence, which is not completely
true, it can provide some clues for exploring the functions of
these bacteria in the carcinogenicity and development of
pancreatic cancer. In the pathway enrichment outcomes,
totally fifty-two KEGG pathways were apparently different
between the research groups (P value < 0.05). Eight KEGG
pathways shown in Figure 3(a) were commonly changed in
the PC and BPD groups compared to the HC group. It is
meaningful that four pathways were related to glucose
metabolism, which contains N-glycan biosynthesis, the syn-
thesis of N-glycan biosynthesis, various types of N-glycan
biosynthesis, lipopolysaccharide biosynthesis, and peptido-
glycan biosynthesis. Obviously, glucose metabolism has a
strong relationship with pancreatic diseases. For example,
diabetes usually presented as a complication of chronic pan-
creatitis [51]. The occurrence and development of tumors are
frequently accompanied by the changes of glycosylated pro-
teins, and actually that there are significant changes in carbo-
hydrate chains on the specific proteins of PC cell [52]. The
predictive model based on N-glycan is also proved as an
effective method for the diagnosis of PC [53]. Previous
research has demonstrated that CA19.9 (carbohydrate anti-
gen 19.9) synergizes with oncogene to promote the growth
of PC [54]. In addition, among the forty specifically changed
KEGG pathways in PC, eight pathways were upregulated and
thirty-two pathways were downregulated. Generally speak-
ing, the cell signaling pathway usually plays an important
role in inflammation, immunity, cell proliferation, differenti-

ation, and survival. The perturbation of the NOD-like recep-
tor signaling pathway was confirmed to be significantly
associated with PC [55], and this pathway also showed
noticeable upregulation in our PC group. As bacteria cause
the occurrence or growth of cancer by inducing an inflamma-
tory microenvironment, the inflammatory factor in turn
leads to cell proliferation, mutations, and oncogene activa-
tion [11]. Therefore, the alterations of oral bacteria may affect
the development of PC through the natural bacterial antibac-
terial signaling pathway.

The changes in bacteria composition usually accompany
the alterations of biological functions. We predicted the corre-
sponding gene functions and metabolic pathways based on the
16S rDNA high-throughput sequencing results via the
PICRUSt toolkit. Among the predicted results, five COG func-
tions showed significant association with PC (P value < 0.05).
As for RNA processing and modification, the existing study
has proved that the RNA modification of the METTL3 gene
(m6A) promotes the development of PC and antichemothera-
py/antiradiation therapy [56]. To intracellular trafficking,
secretion, and vesicular transport, it is obvious that the secre-
tion of insulin from pancreatic 3 cell is the vital function of the
pancreas, and insulin dysregulation is a risk factor for pancre-
atic cancer [57]. With regard to inorganic ion transport and
metabolism, the previous study showed us that the growth of
malignant pancreatic tumors may be related to the metabo-
lism of inorganic ion copper, which is essential to participate
in the redox process in cells, and it is also a catalytic cofactor
for various enzymes in organisms [58]. All of these reflected
the specific association of PC and the above-mentioned bio-
logical functions.

5. Conclusion

In summary, we described the differences of salivary bacte-
rium composition among the PC, BPD, and HC groups. The
results in this study confirmed that oral bacterial community
composition can be used for distinguishing PC from healthy
people as well as the BPD patients. Lower levels of Neisseria
mucosa and higher levels of Fusobacterium periodonticum
from the oral cavity may be risk factors for the development
of PC. However, more samples are needed to confirm the
causal relationship between oral bacteria and PC. Conclu-
sively, our findings supplement new knowledge to the medical
problem of early diagnosis or prevention of PC.
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