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Abstract: Microbiota in the gut and oral cavities of pancreatic cancer (PC) patients differ from those of healthy per-
sons, and bacteria in PC tissues are associated with patients’ prognoses. However, the species-level relationship
between a dysbiotic gut, oral and cancerous microbiota, and prognostic factors remains unknown. Whole-genome
sequencing was performed with fecal DNA from 24 PC patients and 18 healthy persons (HD). Microbial taxonomies,
metabolic pathways, and viral presence were determined. DNA was sequenced from saliva and PC tissues, and
the association between the gut, oral, and cancer microbiota and prognostic factors in PC patients was analyzed.
The PC microbiota were altered from those of the healthy microbiota in terms of microbial taxonomy, pathways and
viral presence. Twenty-six species differed significantly between the PC and HD microbiota. Six fecal microbes, in-
cluding Klebsiella pneumoniae, were associated with an increased hazard of death. In the co-occurrence network,
microbes that were abundant in PC patients were plotted close together and formed clusters with prognosis-asso-
ciated microbes, including K. pneumoniae. Multiple salivary microbes were present in the co-occurrence network.
Microbacterium and Stenotrophomonas were detected in the PC tissues and formed a network with the fecal and
salivary microbes. The dysbiotic gut microbiota in the PC patients formed a complex network with the oral and can-
cerous microbiota, and gut microbes abundant in the PC patients were closely linked with poor prognostic factors
in the network.
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Introduction

Pancreatic cancer (PC) incidence is increasing,
and PC is currently the fourth leading cause of
cancer-related death worldwide [1]. The prog-
nosis of patients with PC is generally poor with
a 5-year overall survival rate of 9% [1]. One rea-
son for the poor prognosis is the difficulty of
diagnosing PCs in the early stages. Known risk
factors for PC are limited to age, obesity, chron-
ic pancreatitis and hereditary PC syndrome [2],
and most PC cases are diagnosed without obvi-

ous risks. Even when patients undergo surgical
resection of PCs, the median overall survival
time is as short as 24-30 months owing to high
recurrence rates [1]. Thus, diagnostic markers
for early detection and prognostic markers to
help determine appropriate treatments are nec-
essary to improve PC patient prognoses.

Recent clinical and preclinical studies highlight
the emerging roles of the microbiota in patients
with PCs. Several studies demonstrated the
presence of multiple microbes in PC tissues
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[3-5]. Specific groups of microorganisms in can-
cer tissues correlate with cancer patients’ prog-
noses [3]. A preclinical model of PCs revealed
some of the mechanisms underlying the rela-
tionship between PC tissues and the cancer
microbiota. Roles of the cancer microbiota in
suppressing anticancer immunity [5], metabo-
lism of anticancer drugs [4], and carcinogene-
sis [5, 6] were substantiated in a mouse model.
Therefore, bacterial presence in PC tissues
might be a good biomarker for treatment selec-
tion or a prognostic marker for predicting treat-
ment effects; however, bacterial presence can-
not be a diagnostic marker for cancer. Con-
versely, several hypotheses have proposed that
the intestinal or oral microbiota are possible
origins of bacteria in PC tissues [7]. The oral
microbiota can reach the pancreas via reflux to
the pancreatic duct from the duodenum, while
the fecal microbiota might translocate to the
pancreas through the portal circulation or mes-
enteric lymph nodes [7]. Several studies report-
ed that the relative abundance of multiple bac-
terial genera in the gut and saliva differed
between PC patients and healthy controls [5, 8,
9]. A direct comparison of the gut and cancer
microbiomes in PC patients via 16S rRNA-
sequencingdatashowedthatthe Proteobacteria
phylum was translocated from the gut to the
pancreas [5, 10]. Thus, detection of specific
fecal or salivary microorganisms, rather than
the cancer microbiota, may be a non-invasive
biomarker for early diagnosis or prognostic pre-
diction. However, past studies adopted 16S
rRNA-based sequencing to detect genus-level
fecal bacteria [5, 8], and which species are
abundant in the gut and oral cavities of PC
patients and how intestinal and oral bacterial
species are associated with cancer bacteria
and prognosis remain unknown.

Here, we performed whole-genome sequencing
of fecal and salivary DNA from PC patients to
determine the species-level microbial composi-
tions. The subsequent analyses revealed char-
acteristics of the microbiomes and viromes in
the guts of patients with PC and the relation-
ship between the intestinal, oral, and cancer
microbiota and the clinical characteristics of
these patients.

Materials and methods
Clinical study population

The study population comprised 24 PC patients
admitted to Kanazawa University Hospital
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between August 2014 and September 2019
who received written and oral information
before consenting to participate. PC was patho-
logically diagnosed from aspiration biopsy
specimens. If a patient underwent surgical
resection, the diagnosis was also confirmed
from the surgically resected specimens. The
diagnoses included 22 pancreatic ductal ade-
nocarcinomas, 1 intraepithelial neoplasia and
1 adenocarcinoma accompanied by an intra-
ductal papillary mucinous neoplasm. The PC
stage was determined per the Union for
International Cancer Control Tumor Node
Metastasis system. All 24 patients had primary
PCs (no recurrent cancers) and received anti-
cancer treatment after enrollment. All partici-
pants were followed until July 2020 to monitor
overall survival. Fecal or salivary samples were
collected and stored at -80°C immediately
after enrollment to investigate the gut and oral
microbiota compositions.

Healthy volunteers were tested to determine
whether they met the inclusion criteria: body
mass index <25 kg/m?2, normal blood pressure,
normal serum cholesterol levels, normal blood
glucose and HbA1c levels, normal serum aspar-
tate aminotransferase (AST) and alanine ami-
notransferase (ALT) levels, no anemia, no fatty
liver in ultrasonography, and no past history of
cancer. Eighteen persons passed the criteria
and were enrolled as healthy sample donors
(HDs). The Ethics Committee of Kanazawa
University approved the study (approval num-
ber 2012-109).

Whole-genome sequencing of fecal and sali-
vary DNA

Fecal DNA was extracted from the feces that
had been stored at -80°C using the PowerFecal
DNA Isolation Kit per the manufacturer’s
instructions with slight modifications (QIAGEN,
Limburg, Germany). Beads to homogenize the
feces were changed from 0.7 mm garnet beads
to 0.1 mm glass beads (QIAGEN). After centrifu-
gation of 1 ml of saliva at 3,300xg for 10 min,
pellets were similarly used to extract the sali-
vary DNA.

For whole-genome sequencing, tagmentation
of DNA was performed with the Nextera DNA
Flex Library Prep Kit (lllumina, San Diego, CA,
USA) by reaction at 55°C for 15 min. After
cleaning the products, indexing PCR was per-

Am J Cancer Res 2021;11(6):3163-3175



Dysbiotic gut microbiota in pancreatic cancer

formed using the Nextera DNA CD Index Kit
(Illumina) with an initial step at 68°C for 3 min
and 98°C for 3 min, followed by 5 cycles of
45 sec at 98°C, 30 sec at 62°C and 2 min at
68°C. PCR products were purified from sample
purification beads in the Nextera kit and quanti-
fied using a 2100 Bioanalyzer and High-
Sensitivity DNA Kit (Agilent Technologies, Santa
Clara, CA, USA). The libraries were pooled and
sequenced with a MiSeq instrument using the
MiSeq Reagent Kit V3 (600 cycles; lllumina).

The acquired sequences were preprocessed as
follows. After trimming bases with low-quality
scores from the ends of the acquired sequenc-
es, the sequences were filtered with a Q-score
cut-off of 20 by FASTX Toolkit [11]. Paired-end
joining was performed using MacQIIME v1.9.1
[12]. After mapping the resultant sequences on
The University of California, Santa Cruz (UCSC)
human genome reference hgl9 using bowtie2
version 2.2.4 [13], human genome sequences
were removed by SAMtools-1.2 [14]. Finally,
PCR duplicates were removed using PRINSEQ
version 0.20.4 [11].

The final output fasta files were used to identify
taxonomies in the fecal samples using Meta-
PhlAn2 version 2.0.0 [15]. Metabolic pathways
in the sequences were also analyzed with the
fasta files using HUMANN2 [16]. The Kyoto
Encyclopedia of Genes and Genomes (KEGQG)
version 56 database was generated using
DIAMOND version 0.7.5 [17] and used for
HUMANN2 analysis. Eukaryotic viruses from
fecal DNA sequences were detected and pro-
filed via ViromeScan [18]. After normalizing the
abundance by 1 million reads, groups were
compared by linear discriminant analysis using
LefSe [19]. Bray-Curtis dissimilarities of the gut
microbiota communities were calculated based
on taxonomy or metabolic pathway data, and
the resultant distances were visualized by prin-
cipal coordinate analysis (PCoA). Statistical dif-
ferences between communities were tested by
PERMANOVA.

All whole-genome sequencing data and meta-
data were archived in NCBI SRA as BioProject
PRIJNAG665854.

16S ribosomal RNA amplicon sequencing of
tumor DNA

Tumor DNA was extracted as previously
described [3]. Three sections of 10-um forma-
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lin-fixed paraffin-embedded (FFPE) PC tissue
were aseptically collected and placed in 1.5 mi
tubes. Paraffin without tissues was used as a
negative control for DNA extraction. Genomic
DNA was extracted using the QIAGEN QlAamp
DNA FFPE kit (QIAGEN). For 16S sequencing
analysis, PCR amplicons were prepared using
primers [20, 21] consisting of sequences tar-
geting the V3-V4 regions of the 16S rRNA and
Illumina adapter overhang nucleotide sequenc-
es as follows: Forward 5-TCGTCGGCAGCG-
TCAGATGTGTATAAGAGACAGCCTACGGGNGGCW
GCAG-3’; Reverse 5-GTCTCGTGGGCTCGGAG-
ATGTGTATAAGAGACAGGACTACHVGGGTATCTAA-
TCC-3'.

PCR was performed using KAPA HiFi HotStart
Ready Mix (KAPA Biosystems, Wilmington, MA,
USA) with an initial step at 95°C for 3 min, fol-
lowed by 25 cycles of 30 sec at 95°C, 30 sec at
55°C and 30 sec at 72°C and a final step at
72°C for 5 min. After purification, indexing PCR
was performed using the Nextera XT Index Kit
(Illumina) with an initial step at 95°C for 3 min,
followed by eight cycles of 30 sec at 95°C, 30
sec at 55°Cand 30 sec at 72°C and a final step
at 72°C for 5 min. The libraries were pooled
and mixed with the PhiX control library (Illumina)
and sequenced in a MiSeq instrument with the
MiSeq Reagent Kit V3 (600 cycles; lllumina).
Downstream sequences were processed using
MacQIIME v1.9.1 [12]. Operational taxonomic
units (OTUs) were picked using UCLUST [22].
For OTU analysis, the sequences were clus-
tered, and sequences with >97% similarity
were binned into the same OTUs. Representa-
tive sequence taxonomies in the OTUs were
assigned via RDP Classifier using the Green-
genes reference database [23] clustered at
97% identity. Genus-level taxonomy was sum-
marized and used for subsequent analysis.

All 16S rRNA amplicon sequencing data and
metadata were archived in NCBI SRA as
BioProject PRINA665618.

Survival, correlation and network analysis

The hazard ratio for death was calculated using
overall survival data from the PC patients since
the study enrollment. Cox proportional hazard
models were used with SPSS Statistics
v25.0.0.2 (IBM, Armonk, NY, USA). Spearman
correlation between clinical factors, relative
abundances of fecal or salivary microbes, fecal
microbial pathways, and fecal viruses were cal-
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culated with SPSS Statistics v25.0.0.2. Pear-
son correlation was calculated between the
relative abundances of fecal, salivary and
tumor microbes in PC patients and shown as
networks using Cytoscape v3.8.0 [24] with
MetScape plugin [25]. Correlations coefficients
>0.7 are shown as edges.

Statistical analyses

Statistical analyses for comparing taxonomy
and KEGG pathways between microbial com-
munities were performed using linear discrimi-
nant analysis with a LEfSe tool [19]. Statistical
differences between two values were analyzed
via the Mann-Whitney U test with GraphPad
Prism 7 (GraphPad, San Diego, CA, USA). Sta-
tistical differences in the baseline characteris-
tics were analyzed using x? tests in GraphPad
Prism 7.

Spearman’s correlation coefficients and Cox
proportional hazards were calculated using
SPSS.

P<0.05 was considered statistically signi-
ficant.

Data availability

All whole-genome sequencing data and meta-
data were archived in NCBI SRA as BioProject
PRIJNAG665854. All 16S rRNA amplicon se-
quencing data and metadata were archived in
NCBI SRA as BioProject PRINAG65618.

Results

Gut microbiota of PC patients were taxonomi-
cally and functionally altered compared with
those of HDs

Feces from 18 HDs and 24 PC patients were
collected to investigate the taxonomic and
functional differences in gut microbiota
between patients with PC and HDs. Plasma glu-
cose concentrations and glycated hemoglobin
Alc were higher in the PC patients than in the
HDs (Supplementary Table 1), as occupation of
pancreatic tissues by PC impaires function of
insulin secretion. Utilization rates of gastric
acid-reducers, including proton-pump inhibi-
tors (PPls) and H2 receptor antagonists
(H2RAs), were higher in PC patients than in the
HDs, because no HDs used PPIs/H2RAs
(Supplementary Table 1). PC patients were in
various stages of the cancer, ranging from
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stage O (intraepithelial neoplasia) to stage
4 (Supplementary Table 1). Whole-genome
sequencing of the fecal DNA was performed
and microbiota taxonomies, pathways included
in the microbiota genomes, and viral presence
were determined. Bray-Curtis dissimilarity
results between the fecal microbiota of the 42
subjects revealed that the PC microbiota dif-
fered taxonomically compared with the HD
microbiota (P=0.001 by PERMANOVA; Figure
1A). Twenty-six species differed significantly
between the PC patients and HDs. Klebsiella
pneumoniae, Clostridium bolteae, C. symbio-
sum, Streptococcus mutans, Alistipes shabhii, 4
Bacteroides species, 2 Parabacteroides spe-
cies, and 2 Lactobacillus species were signifi-
cantly more abundant in the PC microbiota
than in the HD microbiota (Figure 1B). Analysis
of microbial pathway-based dissimilarity
showed that the PC microbiota differed from
the HD microbiota (P=0.001 by PERMANOVA;
Figure 1C). Forty-four KEGG metabolic path-
ways differed significantly between the pa-
tients and HDs. The PC-abundant pathways
included several carbohydrate metabolism-
related and glycan metabolism-related path-
ways containing lipopolysaccharide biosynthe-
sis (Supplementary Table 2). Viral sequences in
the fecal DNA and viral genera were also deter-
mined. The PC gut virome also differed from the
HD virome based on analysis of virus-based
dissimilarity (P=0.021 by PERMANOVA; Figure
1D). Nineteen viral genera differed significantly
between the patients and HDs (Figure 1E).

Because gastric acid-reducers affect the gut
microbiota composition [26-28], we compared
HDs and PC patients who had not received PPls
or H2RAs to exclude the effects of these drugs
on the gut microbial composition. The micro-
biota of 14 subjects with PC without PPl/
H2RA treatment still differed significantly
from the HD microbiota based on taxonomy-
based dissimilarity (P=0.007 by PERMANOVA;
Supplementary Figure 1A). Relative abundanc-
es of 17 bacterial species differed significantly
between the groups (Supplementary Figure
1B). Furthermore, the abundances of nine spe-
cies differed significantly between PPI/H2RA-
treated PC patients and PPI/H2RA-untreated
patients. PPI/H2RA use was associated with
increased relative abundances of seven spe-
cies: S. salivarius, S. parasanguinis, S. angino-
sus, Bifidobacterium dentium, Veillonella par-
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Figure 1. Fecal microbiomes and viromes of pancreatic cancer patients are altered from those of healthy subjects.
Distances between fecal samples were calculated using the Bray-Curtis index based on microbial taxonomy data
(A), microbial pathway data (C), or viral genus data (D) and shown as PCoA plots. Linear discriminant analysis (LDA)
was performed using LDA effect size (LEfSe) to identify significant differences in relative abundances of various
microbial taxonomies (B) or viral genera (E) in the fecal samples. Differentially abundant taxonomies are indicated
by the corresponding LDA scores (P<0.05).

vula, Lactobacillus fermentum and Lacto-
bacillus gasseri (Supplementary Figure 1C).
Thus, these 7 species were considered PPIl/
H2RA-associated species. Because blood glu-
cose concentrations were higher in the patients

3167

than in the HDs according to the baseline char-
acteristics (Supplementary Table 1), we com-
pared HDs and PC patients with normal HbAlc
levels to exclude hyperglycemic effects on the
gut microbial composition. Twenty-one species,
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Table 1. Prognostic factors in pancreatic cancer patients

that were abundant in PC

Univariate Hazard ratio Multivariate

patients were associated with

Factors Pvalue  of death Pvalue patie_nt prognoses. Saliva was
cancer stage 0026  3.646 0.962 obtained from 15 of 24 PC

patients, and their salivary
serum CEA (mg/dl) 0.018 1.979 0.884 microbiota were determined
PPI/H2RA (medicated) 0.049 8.715 0.874 by whole-genome sequencing.
feces_Bifidobacterium animalis 0.012 1.650 0.989 Because treatments provid-
feces_Collinsella aerofaciens 0.018 2.455 0.913 ed to the PC patients were
feces_Eubacterium ventriosum 0.009 71.33 0.730 varied and combinational (Su-
feces_Klebsiella pneumoniae 0.046 1.117 0.703 pplementary Table 3), we ana-
feces_Roseburia intestinalis 0030  62.76 0.856 lyzed cancer stage, rather
feces_Streptococcus thermophilus  0.022 3.286 0.900 than treatment, as a possible

CEA, carcinoembryonic antigen; H2RA, H2 receptor antagonist; PPI, proton-pump

inhibitor.

Table 2. Factors correlated with serum CEA

Correlation

Factors . P-value
coefficient

cancer stage 0.629 0.012

feces_Bacteroides stercoris 0.662 0.007

feces_Clostridium bolteae 0.604 0.017

feces_Dorea longicatena -0.630 0.012

saliva_Gemella haemolysans 0.597 0.019

including K. pneumonia, C. bolteae, S. mutans,
6 Bacteroides species and 2 Parabacteroides
species, were significantly more abundant
in the patients than in the HDs even after
excluding 10 PC patients with high HbAlc
(Supplementary Figure 1D). Only two species
(Bifidobacterium bifidum and Bifidobacterium
breve) were more abundant in the microbiota of
patients with high HbA1c than in those of
patients with normal HbAlc (Supplementary

Figure 1E).

PC microbiota were dysbiotic in terms of micro-
bial taxonomy, pathways and viral presence
compared with those of the HD microbiota. This
dysbiosis might be related to the presence of
PC. The effects of PPIs/H2RAs and hyperglyce-
mia on the gut microbiota compositions were
limited.

Gut microbes abundant in PC patients formed
networks with the oral microbiota and progno-
sis-associated microbes

The hazard ratio for death in various factors

was analyzed via Cox proportional hazard mod-
els to determine whether microbes and viruses
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prognostic factor. In the uni-
variate analysis, cancer sta-
ge, serum carcinoembryonic
antigen (CEA) concentrations,
PPI/H2RA use, relative abundances of fecal
Bifidobacterium animalis, Collinsella aerofa-
ciens, Eubacterium ventriosum, K. pneumoni-
ae, Roseburia intestinalis and S. thermophilus
were associated with an increased hazard ratio
for death (Table 1). Conversely, no viruses,
microbial pathways, or salivary microbes were
significantly associated with the hazard ratio of
death (Supplementary Table 4). However, multi-
variate analysis showed that none of those nine
factors were independently associated with the
hazard ratio of death (Table 1); therefore, the
factors may have been confounders. Correlation
analysis was performed for cancer stage and
serum CEA, both of which were positively asso-
ciated with an increased hazard ratio of death,
to find confounding factors for cancer stage
and serum CEA. Serum CEA level was positively
correlated with cancer stage and relative abun-
dance of two fecal bacterial species, Ba-
cteroides stercoris and C. bolteae, and salivary
Gemella haemolysans (Table 2). Cancer stage
was positively correlated with relative abun-
dances of fecal Alistipes purtredinis and
Cyprinivirus and three salivary species, Human
herpesvirus 4 (Epstein-Barr virus), Lachno-
spiraceae bacterium, and Leptotrichia wadei
(Table 3). To clarify relationships between these
prognosis-related microbes and the microbes
abundant in PC, co-occurrences of fecal and
salivary microbes were calculated via Pearson’s
correlation analysis and visualized by network-
ing (Supplementary Figure 2 and Figure 2). In
the co-occurrence network, microbes abundant
in PC were closely plotted and formed two clus-
ters. The “K. pneumoniae cluster” contained 7
microbes abundant in PC: K. pneumoniae,
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Table 3. Factors correlated with cancer stage

occurrence networks with fe-
cal and salivary microbes (Fi-

F Correlation Pval

actors coefficient | value gure 3B and Supplementary
serum CEA 0.629 0.012 Flgure. 2). Fou.r fecal mlcrolpes
. Alisti tredini 0.546 0.035 associated with poor survival
eces/USHPES putredinis ' ' (S. thermapbhiles, Bifidobacte-
feces_Bifidobacterium adolescentis -0.528 0.043 rium animalis, Eubacterium
saliva_Human herpesvirus 4 0.523 0.045 ventriosum and Collinsella
saliva_Lachnospiraceae bacterium (oral taxon 082) 0.523 0.045 aerofaciens) formed a cluster,
saliva_Leptotrichia wadei 0.523 0.045 but it was not close to the can-
feces_Alloherpesviridae; Cyprinivirus 0.667  0.007 cer microbes (Figure 3B).

Bacteroides stercoris, Bacteroides vulgatus,
Bacteroides uniforms, Bacteroides ovatus, C.
symbiosum and Parabacteroides merdae. In
this cluster, K. pneumonia and Roseburia intes-
tinalis were associated with an increased haz-
ard of death, and Bacteroides stercoris was
positively correlated with CEA level (Figure 2).
The “C. bolteae cluster” contained 4 microbes
abundant in PC: C. bolteae, Bacteroides the-
taiotaomicron, S. mutans, and Parabacteroides
distasonis. C. bolteae was positively correlated
with CEA level (Figure 2). In the intermediate
position of these 2 clusters, many salivary
microbes were plotted and formed “Salivary
microbe clusters”. In this cluster, 2 salivary bac-
terial species, Leptotrichia wadei and Lach-
nospiraceae bacterium, and human herpesvi-
rus 4 correlated positively with cancer stage
(Figure 2). Thus, gut microbes abundant in PC
formed networks with prognosis-related, stage-
related and CEA-related microbes and formed
complex networks with the oral microbiota.

Microbes in PC tissue formed co-occurrence
networks with fecal and oral microbes

Because microbes in PC tissues are associated
with cancer patient prognoses and anticancer
treatment effects [3-5], we collected PC tis-
sues from seven patients who had undergone
surgery from the 24 PC patients and deter-
mined microbes in the cancer tissues via 16S
rRNA-amplification sequencing. Ten microbial
taxonomies were detected in the PC tissues
(Supplementary Figure 3). Microbacterium
and Stenotrophomonas presence in PC tissues
has been previously reported [3, 5], and both
genera were significantly abundant in the PC
patients compared with those of the paraffin
controls (Figure 3A). Both cancer Micro-
bacterium and Stenotrophomonas formed co-
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Rather, the cancer Stenotro-
phomonas was strongly posi-
tively correlated with fecal Bifidobacterium
adolescentis, which was negatively correlated
with cancer stage (Figure 3B and Table 2).

In summary, dysbiotic gut microbiota in PC
patients formed complex networks with the
oral and cancer microbiota, and gut microbes
abundant in the PC patients were closely linked
with poor prognostic factors in the network.

Discussion

Detailed species-level compositions of the dys-
biotic gut microbiota of PC patients and asso-
ciations of the gut microbiota with oral or can-
cer microbiota remain unknown. We performed
species-level comparisons of the dysbiotic gut
microbiota of PC patients and HDs via whole-
genome sequencing (Figure 1A and 1B).
Microbial pathways and viromes in the guts of
the PC patients differed from those of the HDs
(Figure 1C-E). The dysbiosis was attributed to
the presence of cancer tissues in the pancreas,
while the effects of PPIs/H2RAs or hyperglyce-
mia on the gut microbial composition were lim-
ited. Gut microbes abundant in PC formed co-
occurrence networks with both oral-cavity and
prognosis-associated microbes (Figure 2). No-
tably, K. pneumonia, a PC-abundant gut mi-
crobe, was associated with an increased haz-
ard ratio of death (Table 1) and formed a clus-
ter with other PC-abundant gut microbes and
CEA-correlated microbes (Figure 2 and Table
2). Microbacterium and Stenotrophomonas
were detected in PC tissues and formed a co-
occurrence network with the gut and oral micro-
biota (Figure 3). Thus, gut microbiota dysbiosis
occurred in PC patients in this cohort, and the
microbiota formed complex networks with the
oral microbiota and prognosis-related factors.
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Figure 2. Gut microbiota compositions of pancreatic cancer patients are highly associated with the oral microbiota and prognostic factors. Pearson correlation was
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of Supplementary Figure 2.
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The number of the subjects in this study was
relatively low compared with the previous 16S
rRNA-based studies [3, 5]. Differences in age
and serum CRP level between HD and PC were
not significant, but not small, so they needed to
be taken in consideration for interpretation of
results. However, this study performed whole-
genome sequencing-based identification of
bacterial species, viral genera and metabolic
pathway in feces and saliva unlike 16S rRNA-
based analysis in the previous reports. 16S
rRNA-based analysis could only identify genus-
level microbiota, but whole-genome-based
analysis identifies species-level microbiota.
Therefore, species-based analysis in this study
enabled us to obtain the more detailed analysis
regarding difference between HD and PC
patients and the correlation to the prognosis. In
addition, relationship between feces, saliva
and cancer microbiota was not analyzed in the
previous study, and the current study clarified
networks between microbiota in feces, saliva
and cancer.

Mechanisms underlying the effects of the gut
microbiota on cancer patient prognoses remain
unclear. Several preclinical models and obser-
vations in patients revealed that gut microbiota
are related to systemic inflammation, including
inflammation in tumors. Mouse models of sub-
cutaneous melanoma and colon cancer dem-
onstrated that gut microbiota are necessary to
increase inflammatory responses in tumors
[29].

Microbiota-depleted mice showed decreased
inflammatory and immune-related gene expres-
sions in the tumors and a decreased inflamma-
tory myeloid cell population in the tumor micro-
environment. Oral gavage with Alistipes shahii
in microbiota-depleted mice restored tumor
inflammation [29]. In this study, Alistipes shahii
was abundant in the feces of PC patients,
although a role of Alistipes in humans remains
unknown. In hepatocellular carcinoma patients,
use of anti-anaerobic drugs is associated with
a poor prognosis after chemotherapy and sev-
eral anaerobic microbes are positively associ-
ated with prolonged survival and negatively
associated with systemic inflammatory mark-
ers such as white blood cell counts and
C-reactive protein [30]. Conversely, intestinal
Microbacterium and Enterococcus are positive-
ly associated with systemic inflammatory mark-
ers [30].
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One cause of systemic inflammation is translo-
cation of bacteria or bacterial products into the
circulation. The gut microbiota may translo-
cate to pancreatic tissues via the portal circula-
tion or mesenteric lymph nodes [7]. For gut
microbes to enter the circulation, a disruption
of the gut barrier and increased gut permeabil-
ity are required. Because gut microbes control
the gut barrier function [31-33], composition of
the gut microbiota is closely associated with
gut permeability. A monolayer culture of intesti-
nal organoids revealed that K. pneumoniae
increases gut permeability by inducing epithe-
lial pore structures [34]. K. pneumoniae in-
vades the colonic epithelia and promotes
inflammatory bowel disease [35] and primary
sclerosing cholangitis [34]. Klebsiella was
abundant in the fecal microbiota of pancreatic
ductal adenocarcinoma patients of two inde-
pendent cohorts [5, 8]. Thus, one possible
mechanism underlying the association between
a dysbiotic gut microbiota and a poor prognosis
for PC patients might be the gut barrier disrup-
tion and subsequent bacterial translocation
induced by dysbiotic microbes, including K.
pneumoniae.

Metagenomic analysis revealed the presence
of a cancer microbiota in PC patients in 2017
[4]. Cancer microbiota usually include Pro-
teobacteria, Firmicutes and Actinobacteria,
whereas obligate anaerobes, such as Bactero-
idetes, are rarely detected [3, 4]. Roles of can-
cer bacteria have been substantiated by pre-
clinical models and culture experiments. K
pneumoniae and Escherichia coli metabolize
the cytotoxic drug, gemcitabine. Deleting E. coli
via ciprofloxacin increased the anticancer
effects of gemcitabine in a mouse cancer
model [4]. Cancer bacteria also induce tolero-
genic monocytic cells via Toll-like receptor sig-
naling and suppress differentiation of Thi-type
CD4* T cells and cytotoxic CD8* T cells in the
tumor microenvironment [5]. In pancreatic duc-
tal adenocarcinoma patients, presence of
Pseudoxanthomonas, Streptomyces, Saccha-
ropolyspora and Bacillus clausii in PC tissues is
positively associated with CD8* T-cell infiltra-
tion in the cancer and predicts long-term sur-
vival [3]. Thus, cancer microbiota in PC patients
may help modify the immune status of the
tumor microenvironment and metabolize anti-
cancer drugs. In this study, Microbacterium
and Stenotrophomonas were detected in PC
tissues. Both genera were also detected in PC
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tissues in previous reports [3, 5], but the roles
of both genera in the tumor microenvironment
are unknown. Interestingly, both genera formed
complex networks with fecal and oral microbes.
Cancer Stenotrophomonas strongly co-occ-
urred with fecal Bifidobacterium adolescentis,
which was negatively correlated with cancer
stage. To manipulate the cancer microbiota to
modify the tumor microenvironment, scholars
must determine whether alteration of members
in the intestinal or oral microbiota affects the
cancer microbiota and how to change the net-
work between the cancer, fecal and oral
microbiota.

In conclusion, species-level dysbiosis occurred
in the gut microbiota of PC patients. Moreover,
dysbiotic gut microbiota in PC patients formed
complex networks with oral and cancer micro-
biota, and gut bacterial species abundant in
the PC patients were closely linked with poor
prognostic factors in the network. These results
regarding dysbiotic microbes might contribute
to establishing non-invasive fecal or salivary
diagnostic markers to detect early PCs or pre-
dict prognosis and contribute to generating
strategies to manipulate microbial networks,
including cancer bacteria.
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Supplementary Table 1. Baseline characteristics of the subjects

HD Panc.Cancer
P-value
(n=18) (n=24)

Gender (M/F)* 7/11 14/10 0.212
Age (years)® 59.2 + 13.7 66.9 + 9.2 0.058
BMI (kg/m?)t 21.1+2.77 21.9+1.75 0.129
WBC (/ul)t 5,596 + 1,986 5,489 + 1,455 0.825
CRP (mg/dlI)f 0.09+0.15 0.22+£0.31 0.055
Plasma glucose (mg/dI)t 875+5.5 132.3+45.6 0.0001
HbA1c (%)* 56+0.3 6.9+1.7 0.0012
CEA (mg/dl, range) NA 3.4 (1-18.4) NA
Stage (0/1a/1b/2a/2b/3/4) NA 1/0/2/7/0/11/3 NA
PPI/H2RA (medicated/not medicated)* 0/18 10/14 0.0017
Current smoking (Yes/No)* 3/15 10/14 0.082

1, values are means * SD. *, analyzed by Chi-squared test. Other values were analyzed by Mann-Whitney U test. Differences
were considered significant for P<0.05. BMI, body mass index; CEA, carcinoembryonic antigen; CRP, C-reactive protein; HD,
healthy donors; HbAlc, hemoglobin Alc; H2RA, H2 receptor antagonist; NA, not available; PPI, proton-pump inhibitor; WBC,

white blood cells.
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Supplementary Table 2. Significant differential bacterial pathways in gut among pancreatic cancer patients and healthy donors

ko number pathway name pathway class class LDA_score p-value
ko00121 Secondary bile acid biosynthesis Metabolism; Lipid metabolism HD 3.58680 0.03490
ko00290 Valine, leucine and isoleucine biosynthesis Metabolism; Amino acid metabolism HD 3.41416 0.00037
ko00300 Lysine biosynthesis Metabolism; Amino acid metabolism HD 2.96237 0.04743
ko00450 Selenocompound metabolism Metabolism; Metabolism of other amino acids HD 2.99857 0.04692
ko00564 Glycerophospholipid metabolism Metabolism; Lipid metabolism HD 3.09630 0.00007
ko00730 Thiamine metabolism Metabolism; Metabolism of cofactors and vitamins HD 3.37017 0.00149
ko00750 Vitamin B6 metabolism Metabolism; Metabolism of cofactors and vitamins HD 2.81613 0.04743
ko00770 Pantothenate and CoA biosynthesis Metabolism; Metabolism of cofactors and vitamins HD 2.87126 0.02369
ko00970 Aminoacyl-tRNA biosynthesis Genetic Information Processing; Translation HD 3.23765 0.00478
ko01051 Biosynthesis of ansamycins Metabolism; Metabolism of terpenoids and polyketides HD 3.87906 0.00654
ko01055 Biosynthesis of vancomycin group antibiotics Metabolism; Metabolism of terpenoids and polyketides HD 3.73390 0.02217
k002030 Bacterial chemotaxis Cellular Processes; Cell motility HD 3.52583 0.02045
ko02040 Flagellar assembly Cellular Processes; Cell motility HD 3.45294 0.00952
ko03010 Ribosome Genetic Information Processing; Translation HD 3.45731 0.00605
ko03018 RNA degradation Genetic Information Processing; Folding, sorting and degradation HD 2.66457 0.01575
ko04626 Plant-pathogen interaction Organismal Systems; Environmental adaptation HD 2.74390 0.00761
ko00040 Pentose and glucuronate interconversions Metabolism; Carbohydrate metabolism Panc.Cancer 3.00604 0.01186
ko00051 Fructose and mannose metabolism Metabolism; Carbohydrate metabolism Panc.Cancer 3.09910 0.01469
ko00053 Ascorbate and aldarate metabolism Metabolism; Carbohydrate metabolism Panc.Cancer 2.87023 0.01092
ko00061 Fatty acid biosynthesis Metabolism; Lipid metabolism Panc.Cancer 3.07413 0.03952
ko00130 Ubiquinone and other terpenoid-quinone biosynthesis Metabolism; Metabolism of cofactors and vitamins Panc.Cancer 2.78997 0.00320
ko00140 Steroid hormone biosynthesis Metabolism; Lipid metabolism Panc.Cancer 2.73176 0.00031
ko00280 Valine, leucine and isoleucine degradation Metabolism; Amino acid metabolism Panc.Cancer 3.07125 0.00011
ko00310 Lysine degradation Metabolism; Amino acid metabolism Panc.Cancer 2.66277 0.01546
ko00311 Penicillin and cephalosporin biosynthesis Metabolism; Biosynthesis of other secondary metabolites Panc.Cancer 2.76193 0.00150
ko00360 Phenylalanine metabolism Metabolism; Amino acid metabolism Panc.Cancer 2.72420 0.00915
ko00440 Phosphonate and phosphinate metabolism Metabolism; Metabolism of other amino acids Panc.Cancer 2.76729 0.00271
ko00472 D-Arginine and D-ornithine metabolism Metabolism; Metabolism of other amino acids Panc.Cancer 2.84577 0.01837
ko00510 N-Glycan biosynthesis Metabolism; Glycan biosynthesis and metabolism Panc.Cancer 2.88173 0.00165
ko00511 Other glycan degradation Metabolism; Glycan biosynthesis and metabolism Panc.Cancer 3.54547 0.00100
ko00520 Amino sugar and nucleotide sugar metabolism Metabolism; Carbohydrate metabolism Panc.Cancer 2.82468 0.00193
ko00531 Glycosaminoglycan degradation Metabolism; Glycan biosynthesis and metabolism Panc.Cancer 3.24806 0.00158
ko00540 Lipopolysaccharide biosynthesis Metabolism; Glycan biosynthesis and metabolism Panc.Cancer 3.29105 0.00249
ko00626 Naphthalene degradation Metabolism; Xenobiotics biodegradation and metabolism Panc.Cancer 2.98865 0.01425
ko00650 Butanoate metabolism Metabolism; Carbohydrate metabolism Panc.Cancer 3.07053 0.03067
ko00720 Carbon fixation pathways in prokaryotes Metabolism; Energy metabolism Panc.Cancer 3.37313 0.00054
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ko00790
ko00908
ko00910
ko00983
ko03410
ko04141
ko04974
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Lipoic acid metabolism

Folate biosynthesis

Zeatin biosynthesis

Nitrogen metabolism

Drug metabolism-other enzymes

Base excision repair

Protein processing in endoplasmic reticulum
Protein digestion and absorption

Metabolism; Metabolism of cofactors and vitamins

Metabolism; Metabolism of cofactors and vitamins

Metabolism; Metabolism of terpenoids and polyketides
Metabolism; Energy metabolism

Metabolism; Xenobiotics biodegradation and metabolism
Genetic Information Processing; Replication and repair

Genetic Information Processing; Folding, sorting and degradation
Organismal Systems; Digestive system

Panc.Cancer
Panc.Cancer
Panc.Cancer
Panc.Cancer
Panc.Cancer
Panc.Cancer
Panc.Cancer
Panc.Cancer

3.33545
3.17760
2.65240
2.76259
3.54574
2.66944
2.68504
2.65326

0.00149
0.00347
0.02369
0.00442
0.01503
0.01809
0.01455
0.00259
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Bacteroides ovatus Supplementary Figure 1. Effects of PPIls/H2RAs or
Parabacteroides merdae hyperglycemia on the gut microbial composition are
Bacteroides stercoris limited in pancreatic cancer patients. (A) Distances
Parabacteroides distasonis P p . .
Oscillibacter unclassified between fecal samples were calculated using the
Clostridium bolteae Bray-Curtis index based on microbial taxonomy data
Bacteroides xylanisolvens to compare PC patients who had not received PPls/
e Alistipes shahii H2RAs and HDs. Data are shown as PCoA plots. (B-
nterococcus faecalis . R L .
Clostridium symbiosum E) Linear discriminant analysis (LDA) was performed
Parabacteroides unclassified using LDA effect size (LEfSe) to identify significant
s us"ﬁl"PtOw:WS::laﬂs differences in relative abundances of various mi-
utterella wadsworthensis H H H
Clostridium asparagiforme croblal_ taxonomies in the fe(?al samples between
Bilophila unclassified PC patients who had not received PPls/H2RAs and
Lactobacillus gasseri HDs (B), PC with PPIs/H2RAs and PC without PPIs/
_ Coprococcus comes H2RAs (C), PC patients whose HbAlc level was nor-
Bifidobacterium bifidum mal and HDs (D), and PC patients with high HbA1c
Blautia obeum . . .
Collinsella aerofaciens and PC patients with normal HbAlc (E). Differen-
: I 7 1 T 1 tially abundant taxonomies are indicated by the cor-
responding LDA scores (P<0.05).
LDA score
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Supplementary Table 3. Treatments for pan-
creatic cancers

Treatments Number of patients
surgery 5
surgery after chemotherapy 6
chemotehrapy 9
radiation therapy 2
chemoradiation therapy 2

Supplementary Table 4. Hazard ratio of death in pancreatic cancer
patients analyzed by Cox proportional hazard model

Univariate Hazard ratio
Factors

P-value of death

age 0.251 1.065
gender female 0.693 0.71
BMI 0.89 0.978
PPI Yes 0.049 8.715
cancer stage 0.026 3.646
serum CEA 0.018 1.979
blood WBC counts 0.851 1

serum Amylase 0.103 0.97
HbAlc 0.464 0.761
Smoking Yes 0.354 0.447
Alcohol Yes 0.788 0.792
feces_Acidaminococcus_unclassified 0.525 0.186
feces_Akkermansia_muciniphila 0.539 0.793
feces_Alistipes_onderdonkii 0.767 1.072
feces_Alistipes_putredinis 0.718 1.085
feces_Alistipes_shahii 0.645 1.401
feces_Anaerostipes_hadrus 0.383 0.062
feces_Bacteroidales_bacterium_ph8 0.469 0.159
feces_Bacteroides_caccae 0.065 1.299
feces_Bacteroides_cellulosilyticus 0.144 5.01
feces_Bacteroides_coprocola 0.206 1.324
feces_Bacteroides_dorei 0.485 0.848
feces_Bacteroides_eggerthii 0.624 1.062
feces_Bacteroides_finegoldii 0.529 3.023
feces_Bacteroides_fragilis 0.739 0.766
feces_Bacteroides_ovatus 0.052 1.461
feces_Bacteroides_plebeius 0.43 0.673
feces_Bacteroides_stercoris 0.766 0.937
feces_Bacteroides_thetaiotaomicron 0.931 1.018
feces_Bacteroides_uniformis 0.35 0.906
feces_Bacteroides_vulgatus 0.135 1.195
feces_Bacteroides_xylanisolvens 0.831 1.093
feces_Barnesiella_intestinihominis 0.719 1.274
feces_Bifidobacterium_adolescentis 0.354 0.692
feces_Bifidobacterium_animalis 0.012 1.65
feces_Bifidobacterium_bifidum 0.503 0.842

feces_Bifidobacterium_dentium 0.73 0.891
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feces_Bifidobacterium_longum
feces_Bifidobacterium_pseudocatenulatum
feces_Bilophila_unclassified
feces_Clostridium_bartlettii
feces_Clostridium_bolteae
feces_Clostridium_hathewayi
feces_Clostridium_nexile
feces_Clostridium_ramosum
feces_Clostridium_symbiosum
feces_Collinsella_aerofaciens
feces_Coprobacillus_unclassified
feces_Coprococcus_catus
feces_Coprococcus_comes
feces_Dialister_invisus
feces_Dorea_formicigenerans
feces_Dorea_longicatena
feces_Eggerthella_lenta
feces_Eggerthella_unclassified
feces_Escherichia_coli
feces_Escherichia_unclassified
feces_Eubacterium_eligens
feces_Eubacterium_hallii
feces_Eubacterium_ramulus
feces_Eubacterium_rectale
feces_Eubacterium_ventriosum
feces_Faecalibacterium_prausnitzii
feces_Flavonifractor_plautii
feces_Klebsiella_pneumoniae
feces_Lachnospiraceae_bacterium_1_1_57FAA
feces_Lachnospiraceae_bacterium_5_1_63FAA
feces_Lachnospiraceae_bacterium_8_1_57FAA
feces_Lactobacillus_fermentum
feces_Lactobacillus_gasseri
feces_Lactobacillus_salivarius
feces_Megamonas_unclassified
feces_Oscillibacter_unclassified
feces_Parabacteroides_distasonis
feces_Parabacteroides_goldsteinii
feces_Parabacteroides_merdae
feces_Parabacteroides_unclassified
feces_Paraprevotella_unclassified
feces_Phascolarctobacterium_succinatutens
feces_Roseburia_hominis
feces_Roseburia_intestinalis
feces_Roseburia_inulinivorans
feces_Roseburia_unclassified
feces_Ruminococcus_bromii
feces_Ruminococcus_gnavus
feces_Ruminococcus_obeum
feces_Ruminococcus_torques
feces_Streptococcus_anginosus

0.683
0.46
0.248
0.816
0.765
0.814
0.566
0.808
0.572
0.018
0.685
0.387
0.899
0.461
0.122
0.506
0.671
0.44
0.464
0.523
0.174
0.949
0.094
0.29
0.009
0.549
0.579
0.046
0.428
0.386
0.816
0.09
0.269
0.101
0.828
0.244
0.281
0.678
0.903
0.593
0.445
0.28
0.775
0.03
0.178
0.751
0.335
0.627
0.071

0.801
0.709

0.922
1.378
2.483
0.107
0.709
0.807
0.112
0.582
1.696
2.455
0.922
0.008
1.477
0.196
1.862
0.709
0.638
0.559
0.849
0.652
1.688
0.981
7.451
0.688
71.33
1.064

1.117
1.252
5.643
1.322
2.469
2.683
1.119
0.991
0.486
0.349
0.618
1.034
0.004
1.518
1.485
0.162
62.757
1.43
0.184
0.915
1.023
2.025
1.038
1.025
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feces_Streptococcus_australis
feces_Streptococcus_gordonii
feces_Streptococcus_mutans
feces_Streptococcus_parasanguinis
feces_Streptococcus_salivarius
feces_Streptococcus_thermophilus
feces_Streptococcus_tigurinus
feces_Streptococcus_vestibularis
feces_Subdoligranulum_unclassified
feces_Sutterella_wadsworthensis
feces_Veillonella_parvula
feces_Veillonella_unclassified
tumor_Microbacterium
tumor_Stenotrophomonas
saliva_Abiotrophia_defectiva
saliva_Actinomyces_graevenitzii
saliva_Actinomyces_odontolyticus
saliva_Actinomyces_oris
saliva_Actinomyces_viscosus
saliva_Alloprevotella_tannerae
saliva_Alloscardovia_omnicolens
saliva_Atopobium_parvulum
saliva_Campylobacter_concisus
saliva_Capnocytophaga_gingivalis
saliva_Capnocytophaga_unclassified
saliva_Corynebacterium_durum
saliva_Corynebacterium_matruchotii
saliva_Fusobacterium_nucleatum
saliva_Fusobacterium_periodonticum
saliva_Gemella_haemolysans
saliva_Gemella_morbillorum
saliva_Gemella_sanguinis
saliva_Granulicatella_adiacens
saliva_Granulicatella_elegans
saliva_Granulicatella_unclassified
saliva_Haemophilus_parainfluenzae
saliva_Haemophilus_sputorum
saliva_Human_herpesvirus_4

saliva_Lachnospiraceae_bacterium_oral_taxon_082

saliva_Lautropia_mirabilis
saliva_Leptotrichia_unclassified
saliva_Leptotrichia_wadei
saliva_Megasphaera_micronuciformis
saliva_Neisseria_flavescens
saliva_Neisseria_meningitidis
saliva_Neisseria_sicca
saliva_Neisseria_unclassified
saliva_Oribacterium_sinus
saliva_Parvimonas_unclassified
saliva_Peptostreptococcus_stomatis
saliva_Peptostreptococcus_unclassified
saliva_Porphyromonas_endodontalis

0.555
0.854
0.913
0.546
0.834
0.022
0.781
0.157
0.852
0.669
0.636
0.579
NA
NA
0.312
0.207
0.817
0.943
0.87
0.784
0.769
0.6
0.067
0.09
0.095
0.091
0.532
0.455
0.505
0.873
0.438
0.764
0.114
0.442
0.212
0.878
0.474
0.324
0.966
0.946
0.9
0.856
0.956
0.742
0.429
0.066
0.713
0.387
0.589
0.289
0.403
0.494

0.465
1.465
1.039
1.044
1.01
3.286
987.254
1.956
0.973
0.547
0.876
0.181
NA
NA
1.654
1.306
0.621
0.838
0.74
1.118
1.102
0.581
3.95
6.478
2.374
24447.608
0.717
0.56
1.118
1.062
0.177
1.072
0.062
15.921
0.452
0.988
0.153
1.379
0.827
0.997
0.613
0.184
1.016
0.89
0.191
45.016
0.969
1.173
1.545
715.019
1.864
0.718
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saliva_Porphyromonas_gingivalis
saliva_Porphyromonas_sp_oral_taxon_279
saliva_Prevotella_denticola
saliva_Prevotella_histicola
saliva_Prevotella_melaninogenica
saliva_Prevotella_nanceiensis
saliva_Prevotella_nigrescens
saliva_Prevotella_oris
saliva_Prevotella_oulorum
saliva_Prevotella_pallens
saliva_Prevotella_salivae
saliva_Prevotella_veroralis
saliva_Rothia_aeria
saliva_Rothia_dentocariosa
saliva_Rothia_mucilaginosa
saliva_Rothia_unclassified
saliva_Solobacterium_moorei
saliva_Stomatobaculum_longum
saliva_Streptococcus_anginosus
saliva_Streptococcus_australis
saliva_Streptococcus_gordonii
saliva_Streptococcus_infantis
saliva_Streptococcus_mitis_oralis_pneumoniae
saliva_Streptococcus_parasanguinis
saliva_Streptococcus_salivarius
saliva_Streptococcus_sanguinis
saliva_Streptococcus_tigurinus
saliva_Streptococcus_vestibularis
saliva_Veillonella_atypica
saliva_Veillonella_dispar
saliva_Veillonella_parvula
saliva_Veillonella_unclassified
feces_ko00121

feces_ko00290

feces_ko00300

feces_ko00450

feces_ko00564

feces_ko00730

feces_ko00750

feces_ko0O0770

feces_ko00970

feces_ko01051

feces_ko01055

feces_ko02030

feces_ko02040

feces_ko03010

feces_ko03018

feces_ko04626

feces_ko00040

feces_ko00051

feces_ko00053

feces_ko00061

0.855
0.682
0.502
0.883
0.508
0.303
0.483
0.59
0.502
0.241
0.64
0.45
0.08
0.457
0.611
0.426
0.972
0.798
0.953
0.235
0.743
0.541
0.58
0.319
0.228
0.332
0.621
0.551
0.726
0.283
0.855
0.64
0.754
0.492
0.758
0.682
0.075
0.388
0.738
0.148
0.877
0.992
0.466
0.72
0.545
0.576
0.132
0.816
0.465
0.497
0.397
0.456
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feces_ko00130
feces_ko00140
feces_ko00280
feces_ko00310
feces_ko00311
feces_ko00360
feces_ko00440
feces_ko00472
feces_ko00510
feces_ko00511
feces_ko00520
feces_ko00531
feces_ko00540
feces_ko00626
feces_ko00650
feces_ko00720
feces_ko0O0785
feces_ko00790
feces_ko0O0908
feces_ko00910
feces_ko00983
feces_ko03410
feces_ko04141
feces_ko04974
Alloherpesviridae; Cyprinivirus
Baculoviridae; Alphabaculovirus
Baculoviridae; Betabaculovirus
Flaviviridae; Hepacivirus
Herpesviridae; Cytomegalovirus
Herpesviridae; Macavirus
Herpesviridae; Muromegalovirus
Herpesviridae; Proboscivirus
Herpesviridae; Simplexvirus
Herpesviridae; Varicellovirus
Iridoviridae; Iridovirus
Mimiviridae; Unclassified
Nimaviridae; Whispovirus
Nudiviridae; Unclassified
Partitiviridae; Alphapartitivirus
Partitiviridae; Betapartitivirus
Phycodnaviridae; Chlorovirus
Phycodnaviridae; Coccolithovirus
Phycodnaviridae; Phaeovirus
Phycodnaviridae; Prymnesiovirus
Phycodnaviridae; Unclassified
Picornaviridae; Cardiovirus
Polydnaviridae; Bracovirus
Polydnaviridae; Ichnovirus
Poxviridae; Avipoxvirus
Poxviridae; Betaentomopoxvirus
Poxviridae; Cervidpoxvirus
Poxviridae; Orthopoxvirus

0.397
0.509
0.097
0.124
0.182
0.615
0.668
0.127
0.62
0.168
0.935
0.112
0.056
0.498
0.149
0.07
0.569
0.286
0.426
0.17
0.137
0.339
0.359
0.119
0.702
0.419
0.699
0.425
0.57
0.633
0.504
0.263
0.365
0.784
0.066
0.504
0.481
0.548
0.391
0.636
0.657
0.568
0.91
0.072
0.785
0.419
0.371
0.542
0.361
0.794
0.349
0.631

0.999
1
0.999
0.997
0.996
111.492
15279.567
8.63E+28
97773025
1329077.58
1.02E+33
0
9.22E+15
2.67E+11
0]
9.22E+15

6.31E+15

0]
1.00E-03
9.22E+15
1.44E+03

5.467

0]
2.68E+06

0]

0
1.33E+09

0
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O Microbes abundunt in Panc. Cancer
O Microbes detected in cancers

O Positive association with poor survival
O Positive association with CEA
o Positive association with cancer stage

O Negative association with cancer stage
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Supplementary Figure 2. Gut microbiota compositions of pancreatic cancer patients are highly associated with oral microbiota. Pearson correlation was calculated
between relative abundances of fecal and salivary microbes in PC patients and shown as networks. Correlations coefficients >0.7 are shown as edges. Nodes of
fecal microbes abundant in PC patients compared with HDs are highlighted in yellow. Nodes of cancer microbes are highlighted in pink. Positive association with a
poor prognosis based on the increased hazard of death, blue border; positive association with serum CEA level, green border; positive association with cancer stage,

purple border; #, negative association with cancer stage, red border.
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B Cancer
B sham paraffin control

Sediminibacterium genus
Oxalobacteraceae family
Microbacterium genus
Ellin6075 family
Ralstonia genus
Burkholderiaceae family
Stenotrophomonas genus
Cupriavidus genus
Burkholderiales
Bacillaceae family
Enhydrobacter genus
Chitinophagaceae family
Rothia genus
Parabacteroides genus
Pseudomonas genus
Propionibacterium genus
Lactobacillus genus

T T T T
1 2 3 4 5

LDA score

Supplementary Figure 3. Bacteria was detected in pancreatic cancer tissues. Linear discriminant analysis (LDA)
was performed using LDA effect size (LEfSe) to identify significant differences in relative microbial abundances
between cancer tissues and sham paraffin controls. Differentially abundant taxonomies are indicated by the cor-
responding LDA scores (P<0.05).
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