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Microbiota and metabolite profiles of saliva, ==
oral swab and cancer tissue from patients
with oral squamous cell carcinoma (OSCC)

Kailiu Wu'", Beihui Xu'", Xinyu Zhou'?, Haiyan Guo', Guanhuan Du?, Chenping Zhang?’, Fuxiang Chen'* and
Xu Chen'"”

Abstract

Oral squamous cell carcinoma (OSCC) was the most common malignant type of head and neck squamous cell
carcinoma (HNSCC) with a low survival rate. The microbiota in oral cavity or tumor tissues may play a critical

role in the OSCC. In this study, we characterized the microbiota from oral cancer tissues, oral swabs and saliva of
patients with OSCC using 165 rRNA sequencing. We found differential profiles and amounts of microbiota in oral
cancer tissues compared with adjacent tissues, as well as in oral swabs and saliva from OSCC patients compared
with healthy individuals. Fusobacterium nucleatum and Porphyromonas endodontalis were found increased in
cancer tissues and saliva from OSCC patients. Prevotella melaninogenica was found increased in the saliva and
oral swabs from OSCC patients. These data suggested that microbiota varied according to different samples.
Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis indicated an important role of metabolic pathways
in the interaction between microbiota and cancers. Then we analyzed the metabolites from cancer tissues and
saliva of OSCC patients by liquid chromatograph-mass spectrometry/mass spectrometry (LC-MS/MS) and gas
chromatograph-mass spectrometry (GC-MS). Differential profiles of metabolites were also observed in the cancer
tissues compared with adjacent tissues and in the saliva from OSCC patients compared with healthy individuals.
It showed that denticulaflavonol was significantly increased while D-mannose was significantly decreased in
both cancer tissues and saliva of OSCC patients. Taken together, these results suggested an association between
microbiota/metabolites (such as Fusobacterium and mannose) and OSCC, in which the molecular mechanism need
further investigated.
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Introduction

Head and neck squamous cell carcinoma (HNSCC) was
one of the main cancer types worldwide, and oral squa-
mous cell carcinoma (OSCC) was the most common
malignant cancer of HNSCC [1]. In spite of multiple ther-
apeutic approaches, the five-year survival rate of OSCC
was still low [2]. There were environmental, genetic and
epigenetic factors influencing the progression and prog-
nosis of OSCC, including the microbiota in the oral cav-
ity and tumor tissues [2—4]. It has been reported that
some specific bacteria were associated with OSCC such
as Fusobacterium nucleatum (Fnu), Porphyromonas gin-
givalis (Pgi) and Prevotella melaninogenica (Pme) [4-7].
A critical role of Fnu in the progression and chemoresis-
tance of colorectal cancer (CRC) has been elucidated [8—
11], while the role of Fnu in oral cancer, especially OSCC,
was relatively less understood. Fnu could enhance the
proliferation of OSCC via E-cadherin/p-catenin pathway
and Ku70/p53 pathway [12, 13], and Fnu infection could
promote the invasion of oral cancer cells by partial-epi-
thelial mesenchymal transition (p-EMT) [14]. Recently,
it was found that Fnu outer membrane vesicles (OMVs)
contribute to the metastasis of oral cancer through
activating autophagy [15]. The interaction between
microorganisms and other cells within the tumor micro-
environment would also affect the OSCC development
[16-21]. For example, Pgi promoted the immune evasion
of OSCC by affecting macrophage [21]. Therefore, hav-
ing a knowledge of microbiota and metabolites within
and surrounding oral cancers would contribute to under-
standing the pathogenesis of OSCC.

Materials and methods

Study design

The oral cancer tissues and adjacent normal tissues from
patients with oral squamous cell carcinoma (OSCC)
were collected to explore the tissue microbiota by 16S
rRNA sequencing. The saliva and oral swabs from OSCC
patients and healthy individuals were also collected
to detect the oral microbiota. The participants had no
antibiotic use in the past one month before sampling.
Moreover, analysis of metabolites from cancer tissues
compared with adjacent normal tissues and saliva from
OSCC patients compared with healthy individuals was
performed by liquid chromatograph-mass spectrometry
(LC-MS/MS) and gas chromatograph-mass spectrometry
(GC-MS). This study was approved by Shanghai Ninth
People’s Hospital Ethics Committee.

Sample collection

The oral cancer tissues and adjacent tissues were col-
lected by sterile surgical instruments and frozen in sterile
tubes at -80°C. These cancer tissues were collected from
two different batches including 7 paired tissues in first
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batch and 9 paired ones in second batch. These 16 paired
tissues from two batches were subjected to 16S rRNA
sequencing, and the 9 paired tissues in second batch were
also performed metabolite analysis by LC-MS/MS and
GC-MS.

The saliva from patients with OSCC and healthy indi-
viduals were collected in sterile cup with cover and
transferred into sterile tubes frozen at -80°C. A total of
13 saliva from patients and 13 saliva from healthy indi-
viduals were subjected to detect microbiota by 16S rRNA
sequencing. Additionally, a total of 9 saliva from patients
and 7 saliva from healthy individuals were subjected to
metabolite analysis by LC-MS/MS and GC-MS.

The oral swabs from patients with OSCC and healthy
individuals were collected and stored at -80°C. A total of
9 oral swabs from patients and 9 oral swabs from healthy
individuals were subjected to detect microbiota by 16S
rRNA sequencing.

16S rRNA sequencing

Total genomic DNA from tissues/saliva/oral swabs was
extracted using DNA Extraction Kit following the man-
ufacturer’s instructions. Concentration of DNA was
verified with NanoDrop and agarose gel. The genome
DNA was used as template for PCR amplification with
the barcoded primers and Tks Gflex DNA Polymerase
(Takara). V3-V4 variable regions of 16S rRNA genes was
amplified with universal primers 343F (5-TACGGRAG-
GCAGCAG-3) and 798R (5-AGGGTATCTAATCC
T-3’). Amplicon quality was visualized using gel electro-
phoresis, purified with AMPure XP beads (Agencourt),
and amplified for another round of PCR. After puri-
fied with the AMPure XP beads again, the final ampli-
con was quantified using Qubit dsDNA assay kit. Equal
amounts of purified amplicon were pooled for subse-
quent sequencing. Raw sequencing data were in FASTQ
format. Paired-end reads were then preprocessed using
cutadapt software to detect and cut off the adapter. After
trimming, paired-end reads were filtering low quality
sequences, denoised, merged and detect and cut off the
chimera reads using DADA?2 with the default parameters
of QIIME2 (2020.11). At last, the software output the
representative reads and the amplicon sequence variant
(ASV) abundance table. The representative read of each
ASV was selected using QIIME2 package. All representa-
tive reads were annotated and blasted against Silva data-
base Version 138 or Unite using q2-feature-classifier with
the default parameters. The amplicon sequencing and
analysis were conducted by OE biotech Co., Ltd. (Shang-
hai, China).

LC-MS/MS
Tissues or saliva stored at -80°C were thawed at room
temperature. 30 mg tissues or 100 uL saliva was added to
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a 1.5 mL Eppendorf tube with L-2-chlorophenylalanine
(0.06 mg/mL) dissolved in methanol as internal stan-
dard, and the tube was vortexed. Subsequently, ice-cold
mixture of methanol and acetonitrile was added, and the
mixtures were vortexed for 1 min, and the whole samples
were extracted by ultrasonic for 10 min in ice-water bath,
stored at -20 C for 30 min. The extract was centrifuged
at 4 °C (13000 rpm) for 10 min. 120 pL of supernatant in
a glass vial was dried in a freeze concentration centrifu-
gal dryer. Also, the mixture of methanol and water (1/4,
vol/vol) were added to each sample, samples vortexed for
30 s, extracted by ultrasonic for 3 min in ice-water bat,
then placed at -20 °C for 2 h. Samples were centrifuged at
4 °C (13000 rpm) for 10 min. The supernatants (150 pL)
from each tube were collected using crystal syringes, fil-
tered through 0.22 pm microfilters and transferred to LC
vials. The vials were stored at -80 °C until LC-MS analy-
sis. QC samples were prepared by mixing aliquot of the
all samples to be a pooled sample.

An ACQUITY UPLC I-Class plus (Waters Corpora-
tion, Milford, USA) fitted with Q-Exactive mass spec-
trometer equipped with heated electrospray ionization
(ESI) source (Thermo Fisher Scientific, Waltham, MA,
USA) was used to analyze the metabolic profiling in both
ESI positive and ESI negative ion modes. An ACQUITY
UPLC HSS T3 column (1.8 pm, 2.1x100 mm) were
employed in both positive and negative modes. The
binary gradient elution system consisted of (A) water
(containing 0.1% formic acid, v/v) and (B) acetonitrile
(containing 0.1% formic acid, v/v) and separation was
achieved using the following gradient: 0.01 min, 5% B;
2 min, 5% B; 4 min, 30% B; 8 min, 50% B; 10 min, 80%
B; 14 min, 100% B; 15 min, 100% B; 15.1 min, 5% and
16 min, 5%B. The flow rate was 0.35 mL/min and column
temperature was 45°C. All the samples were kept at 10°C
during the analysis.

The original LC-MS data were processed by software
Progenesis QI V3.0 (Nonlinear, Dynamics, Newcastle,
UK) for baseline filtering, peak identification, integral,
retention time correction, peak alignment, and normal-
ization. Main parameters of 5 ppm precursor tolerance,
10 ppm product tolerance, and 5% product ion threshold
were applied. Compound identification were based on
precise mass-to-charge ratio (M/z), secondary fragments,
and isotopic distribution using The Human Metabo-
lome Database (HMDB), Lipidmaps (V2.3), Metlin, and
self-built databases. The extracted data were then fur-
ther processed by removing any peaks with a missing
value (ion intensity =0) in more than 50% in groups, by
replacing zero value by half of the minimum value, and
by screening according to the qualitative results of the
compound. Compounds with resulting scores below 36
(out of 60) points were also deemed to be inaccurate and
removed. A data matrix was combined from the positive
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and negative ion data. The metabolomic data analysis was
performed by Shanghai Luming biological technology
Co., Ltd (Shanghai, China).

GC-MS

Tissues or saliva stored at -80°C were thawed at room
temperature. 30 mg tissues or 100 uL saliva was added to
a 1.5 mL Eppendorf tube with L-2-chlorophenylalanine
(0.06 mg/mL) dissolved in methanol as internal stan-
dard, and the tube was vortexed for 10 s. Subsequently,
ice-cold mixture of methanol and acetonitrile (2/1, vol/
vol) was added, and the mixtures were vortexed for 30 s,
and the whole samples were extracted by ultrasonic for
10 min in ice-water bath, stored at -20°C for 30 min. The
extract was centrifuged at 4 °C (13000 rpm) for 10 min.
The supernatant in a glass vial was dried in a freeze con-
centration centrifugal dryer. An aliquot of the 120 pL
supernatant was transferred to a glass sampling vial for
vacuum-dry at room temperature. And 80 uL of 15 mg/
mL methoxylamine hydrochloride in pyridine was subse-
quently added. The resultant mixture was vortexed vigor-
ously for 2 min and incubated at 37 °C for 90 min. 50 pL
of BSTFA and 20 pL n-hexane were added into the mix-
ture, which was vortexed vigorously for 2 min and then
derivatized at 70 °C for 60 min. The samples were placed
at ambient temperature for 30 min before GC-MS analy-
sis. QC samples were prepared by mixing aliquot of the
all samples to be a pooled sample.

The derivatived samples were analyzed on an Agilent
7890B gas chromatography system coupled to an Agi-
lent 5977 A MSD system (Agilent Technologies Inc.,
CA, USA). A DB-5MS fused-silica Capillary Column
(30 m x 0.25 mm x 0.25 um, Agilent ] & W Scientific,
Folsom, CA, USA) was utilized to separate the deriva-
tives. Helium (>99.999%) was used as the carrier gas at a
constant flow rate of 1 mL/min through the column. The
injector temperature was maintained at 260°C. The ini-
tial oven temperature was 60°C held at 60 °C for 0.5 min,
ramped to 125°C at a rate of 8°C/min, to 210°C at a rate
of 5°C/min, to 270°C at a rate of 10°C/min, to 305C at
a rate of 20°C/min, and finally held at 305°C for 5 min.
The temperature of MS quadrupole and ion source (elec-
tron impact) was set to 150 and 230°C, respectively. The
collision energy was 70 eV. Mass spectrometric data was
acquired in a full-scan mode (m/z 50-500).

The obtained GC/MS raw data in.D format were
transferred to.abf format via software Analysis Base File
Converter for quick retrieval of data. Then, data were
imported into software MS-DIAL, which performs
peak detection, peak identification, MS2Dec deconvo-
lution, characterization, peak alignment, wave filtering,
and missing value interpolation. Metabolite character-
ization was based on LUG database. A data matrix was
derived. The three-dimensional matrix includes: sample
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Fig. 1 Microbiota in cancer tissues, saliva and oral swabs from OSCC patients. (A) Scheme diagram of microbiota analysis in cancer tissues and adjacent
tissues from OSCC patients. (B) Relative abundance of bacteria in cancer tissues and adjacent tissues at the genus level (n=16); N, adjacent tissues, T,
cancer tissues. (C) Heatmap of bacteria in cancer tissues and adjacent tissues at the species level (n=16); N, adjacent tissues, T, cancer tissues. (D) KEGG
analysis based on the data of 16S rRNA from cancer tissues and adjacent tissues from OSCC patients. (E) Relative abundance of bacteria in saliva at the
genus level (n=13); N, healthy individuals, T, OSCC patients. (F) Heatmap of bacteria in saliva at the species level (1=13); N, healthy individuals, T, OSCC
patients. (G) Heatmap of bacteria from oral swabs at the species level (n=9); N, healthy individuals, P, OSCC patients

information, the name of the peak of each substance,
retention time, retention index, mass-to-charge ratio,
and signal intensity. In each sample, all peak signal inten-
sities were segmented and normalized according to the
internal standards with RSD<0.1 after screening. After
the data was normalized, redundancy removal and peak
merging were conducted to obtain the data matrix. The
metabolomic data analysis was performed by Shanghai
Luming biological technology Co., Ltd (Shanghai, China).

Statistical analysis

For 16S rRNA sequencing, the quality control of raw
reads was performed to gain clean tags. And the clean
tags were filtered, denoised and cleaned off the chimera
reads to get the valid tags. The valid tags were normal-
ized and shown in ASV abundance tables. The commu-
nity structure of bacteria was shown by barplot at top 15
genus levels and shown by heatmap at top 15 species lev-
els. The barplot at top 15 genus levels and the heatmap at
top 15 species levels between the oral cancer tissues and
adjacent tissues were compared using t-test or Wlicoxon
test. The heatmaps at top 15 species levels of saliva and
oral swabs between OSCC patients and healthy individu-
als were also compared using t-test or Wlicoxon test.
Kyoto Encyclopedia of Genes and Genomes (KEGG)
analysis based on 16S rRNA data between the oral can-
cer tissues and adjacent tissues was conducted and com-
pared using t-test, and top fifteen KEGG pathways were
displayed.

For analysis of metabolites, internal quality control
samples were included for LC-MS/MS and GC-MS qual-
ity control. Principle component analysis (PCA) was used
to evaluated and assessed for the quality. A two-tailed
Student’s t-test was further used to verify whether the
metabolites of difference between two groups were sig-
nificant. Differential metabolites were selected with VIP
values greater than 1.0 and p-values less than 0.05. Differ-
ential metabolites were further used to for KEGG path-
way (http://www.genome.jp/kegg/) enrichment analysis.

Results and discussion

In this study, we firstly characterized the microbiota from
oral cancer tissues vs. adjacent tissues, oral swabs and
saliva from patients with OSCC. The raw reads of 16S
rRNA data were subjected to quality control and the valid
tags for ASV were shown in Table S1. We observed dif-
ferential microbiota profiles between oral cancer tissues

and adjacent normal tissues. A total of 16 paired tissues
including oral cancer tissues and adjacent tissues were
collected to detect the tissue microbiota by 16S rRNA
sequencing. These tissues were subjected to detect in
two different batches (7 paired tissues in first batch and
9 paired ones in second batch), and the data were com-
bined for analysis as shown in Fig. 1A. The data demon-
strated the presence of diverse bacteria such as Neisseria,
Prevotella and Fusobacterium within the tissues from
patients with OSCC (Fig. 1B). Interestingly, Fusobacte-
rium nucleatum, which played a pro-tumor role in CRC,
was more enriched in the cancer tissues compared with
the adjacent tissues (Fig. 1C). Moreover, other bacteria
including Porphyromonas gingivalis and Porphyromonas
endodontalis were also more enriched in the cancer tis-
sues. However, Fusobacterium periodonticum and Pre-
votella melaninogenica were more abundant in adjacent
normal tissues (Fig. 1C). These results suggested that
differential microbiota was enriched in the oral can-
cer tissues and adjacent normal tissues, pointing out an
association between some bacteria and OSCC. By Kyoto
Encyclopedia of Genes and Genomes (KEGG) analysis
based on the data of 16S rRNA between the oral cancer
tissues and adjacent normal tissues, metabolic pathways
were among the top fifteen differential pathways (Fig. 1D
and Figure S1A), indicating an important role of meta-
bolic pathways in the interaction between microbiota and
cancers. Recently, it has been reported that Frnu-derived
OMVs could promote immunotherapy resistance in
HNSCC via changes in tryptophan metabolism in tumor-
associated macrophages [22], which further confirmed
our findings.

Next, we explored the microbiota in the surrounding
environment of oral cancer from saliva. Saliva from 13
OSCC patients and 13 healthy individuals were collected
and analyzed, and raw reads and ASV were shown in
Table S1. As shown in Fig. 1E, the oral indigenous flora
such as Neisseria and Streptococcus were present in the
saliva from both patients and healthy individuals. In addi-
tion, Fusobacterium, Prevotella and Porphyromonas were
found in the saliva. Precisely, Fusobacterium nucleatum,
Prevotella melaninogenica and Porphyromonas endodon-
talis were increased in the saliva from OSCC patients
compared with those from healthy individuals (Fig. 1F).
Similar bacteria including Fusobacterium nucleatum
and Porphyromonas endodontalis were found increased
in both cancer tissues and saliva from OSCC patients,
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Fig. 2 Metabolites in cancer tissues and saliva from OSCC patients. (A) Volcano plot of metabolites from cancer tissues from OSCC patients by LC-MS/MS
and GC-MS. (B) Heatmap of differential metabolites from cancer tissues from OSCC patients. (C) Top ten down-regulated and top ten up-regulated me-
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implying an association of these bacteria with OSCC.
Then we also explored the microbiota in the surrounding
environment of oral cancer using oral swab. Oral swabs
from 9 OSCC patients and 9 healthy individuals were col-
lected, and raw reads and ASV from oral swabs were also
shown in Table S1. As shown in Fig. 1G, the differential
microbiota profiles were found in oral swabs from OSCC
patients and healthy individuals. Fusobacterium nuclea-
tum, which was increased in cancer tissues and saliva
from OSCC patients, was decreased in the oral swabs
from OSCC patients (Fig. 1G). These data suggested
that the relative amount of bacteria varied in different
samples. A systematic study was needed to elucidate the

difference of microbiota from different samples. All the
data implied an association between microbiota such as
Fusobacterium nucleatum and OSCC. However, there
were some limitations of this study; The small sample size
should be considered. Only 16 pairs of tissues,13 pairs of
saliva and 9 pairs of oral swabs were collected and ana-
lyzed. A larger number of samples from participants need
to be collected to confirm the findings of this preliminary
study. And the association between microbiota and the
progression, clinical stage and therapy outcome of OSCC
need to be further investigated. Moreover, the causal-
ity between microbiota and OSCC need to be further
explored by in-vitro experiments and animal models.
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As shown in Fig. 1D and Figure S1A, the metabolic
pathways may play a central role in the interaction
between microbiota and OSCC. We finally performed the
metabolomics analysis from cancer tissues and saliva by
liquid chromatograph-mass spectrometry (LC-MS/MS)
and gas chromatograph-mass spectrometry (GC-MS) as
displayed in Fig. 2. The PCA of quality control (QC) and
samples were displayed in Figure S1B and Figure S1C.
The near clustering of quality controls demonstrated
the good stability and repeatability of the experiments
(Figure S1B-S1C). As shown in Fig. 2A and B, a total of
197 metabolites were significantly increased, while 84
metabolites were significantly decreased in the cancer
tissues compared with the adjacent tissues. The top ten
increased metabolites such as choline, and the top ten
decreased metabolites were listed in Fig. 2C. Similarly, 49
metabolites were significantly increased, while 47 metab-
olites were significantly decreased in the saliva from
OSCC patients compared with those from healthy indi-
viduals (Fig. 2D and F). Analysis of combined data from
cancer tissues and saliva indicated that denticulaflavonol
was significantly increased whereas D-(+)-mannose was
significantly decreased in both cancer tissues and saliva
(Fig. 2G and H). Moreover, KEGG analysis based on the
differential metabolites in the cancer tissue compared
with adjacent tissues suggested distinct metabolic path-
ways in the oral cancer tissues, including up-regulated
D-amino acid metabolism and glycine/serine/threonine
metabolism pathways and down-regulated purine metab-
olism and glycolysis pathways (Fig. 2I).

It has been reported that microbial metabolites play
a critical role in human health and disease, including
cancers [23-25]. There were many researches focus-
ing on the gut microbial metabolites and cancers. In the
gut, there were three main types of microbiota-derived
metabolites, including metabolites produced by gut
microbiota and those modified by gut microbiota from
diet and host [23]. However, oral microbiota and their
derived metabolites in oral cancer such as OSCC need to
be explored. Similar to the metabolites in the gut, the oral
microbiota-derived metabolites may contain the metabo-
lites produced by oral microbiota and modified by oral
microbiota from diet and host. For example, Fusobac-
terium nucleatum was found in the gut and oral cancer
tissues. Fusobacterium nucleatum-derived succinic acid
could induce resistance to immunotherapy in CRC [10].
We also detected enriched adenylsuccinic acid in the oral
cancer tissues. However, its role in OSCC remain to be
investigated. In the present study, we observed increased
choline, docosapentaenoic acid, cinnamic acid and eico-
sadiynoic acid in the oral cancer tissues compared with
the adjacent normal tissues. It need to be confirmed
whether these metabolites were derived from oral Fuso-
bacterium nucleatum or other microbiota, and their
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roles in OSCC should be further studied. The effects of
metabolites on immune cells within the tumor microen-
vironment should not be neglected [26—28]. Combined
analysis of metabolites data from cancer tissues and
saliva indicated decreased D-mannose in the microen-
vironment of OSCC. It has been recently reported that
D-mannose supplementation enhances anti-tumor activ-
ity of T cells [28], which implied that decreased D-man-
nose in OSCC may impair the anti-tumor activity of T
cells. However, the specific role of the metabolites in the
interaction between microbiota and immune cells within
OSCC microenvironment need further investigated.

Conclusions

Collectively, our data showed differential microbiota
and metabolites in cancer tissues and saliva from OSCC
patients in spite of a small sample size in this study, sug-
gesting an association between some microbiota/metab-
olite such as Fusobacterium or mannose and OSCC. A
critical role of microbiota and metabolites in OSCC need
to be further investigated.
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