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Abstract

Oral squamous cell carcinoma(OSCC) remains a global health concern with high mortality and morality
around the world. Emerging evidence implicates the abnormal abundance and species of oral microbiota
are associated with the development of OSCC. Veillonella parvulais an anaerobic Gram-negative coccus
and the resident member of the normal oral microbial community. In our study, 16S rDNA (V4) amplicon
sequencing of salivary microbiome genome revealed that OSCC patients with a high expression of trop2
showed a dysbacteriosis and characterized with a significant decreased distribution of veillonella
parvula. In vitro study, Veillonella parvula treatment promoted the apoptosis inhibited the proliferation
and invasion ability of TROP2-high expressed head and neck sauamous cell carcinema HN6 cells
compared with the human oral keratinocyte (HOK) cells through its metabolite products rather than the
bacteria cell itself. Further, Propionate the main metabolite of Veillonella parvula also plays the similar
anti cancer role through inhibiting the activation of TROP2 related PI3K/Akt pathway. These results
suggest that propionate, the SCFA metabolite of Veillonella parvula induces cell apoptosis, inhibits cell
proliferation and invasion through reducing the activation of TROP2/PI3K/AKt pathway in OSCC cells.

Introduction

Oral squamous cell carcinoma (OSCC) is one of the main head and neck squamous cell carcinomas
(HNSCCs), with an roughly 300,000 new cases and 140,000 OSCC-related deaths annually, ranking eighth
among human malignancies as the considerable reasons cancer-associated mortality worldwide[1, 2].
Despite recent advances in diagnosis and therapy, the overall 5-year survival rate of OSCC patients
remains lower and less than 60% in cases involving early detection and proper treatment[3, 4].
Furthermore, OSCC often causes dysfunctions in chewing and swallowing, as well as speech and esthetic
disorders, which can worsen patients’ quality of life[5]. Therefore, it is urgent to identify the mechanism
and explore a new therapeutic target of OSCC.

The human trophoblast cell surface (TACSTD2/TROP2/M1S1/GA733-1) is a surface glycoprotein with a
single transmembrane extracellular domain and a short tail. It is overexpressed in many human cancers,
including ovarian[6, 7], gastric[8, 9], colorectal[10, 11], pancreatic[12] and laryngeal cancers[13]. TROP2
contributes to carcinogenesis properties by regulating cancer cell adhesion, invasion, migration and
vascularization through multiple pathways[14]. Our previous studies suggested that the overexpression
of TROP2 modulates the growth and metastasis of OSCC cells by activating PI3K/Akt signaling[1].

Bacterial cells known as the microbiome at certain sites of the human body have been believed to be
involved in disease formation and health maintenance. In recent years, since the development of high-
throughput next-generation sequencing (NGS) technology and the completion of the Human Microbiome
Project[15], a number of microbiota species related to gastrointestinal diseases[16], cancers[17],
neurogenerative diseases[18], and other related health problems have been identified[19]. To date, studies
have employed high-throughput sequencing technology to detect the relationship between microbiome
dysbiosis and oral cancers. Mager et al. reported an elevation of Capnocytophaga, Provatella
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melaningtoenica and Streptococcus mitis in the saliva of OSCC patients[20]. Recently, Zhao et al.
demonstrated that Fusobacterium, Dialister, Peptostreptococcus, Filifactor, Peptococcus, Catonella, and
Parvimonas were enriched in OSCC lesions[21]. Bérnigen et al. identified a specific loss of community
diversity in oral cancer samples[22]. Large-scale metagenomic analysis from Granato et al. demonstrated
that the relative abundances of Centipeda, Veillonella, and Gemella are correlated with tumor size among
OSCC patients[23]. Although numerous bacterial species have been identified to play crucial roles in the
occurrence and development of OSCC, the regulatory mechanism is still unclear[24].

Short-chain fatty acids (SCFAs), principally including acetate, propionate and butyrate, have fewer than
six carbons produced from carbohydrates by the microbiome and contribute essential functions to the
expression and activation of host proteins. Among them, propionate is metabolized by Veillonellae from
lactate or succinate, acts as an agonist of G protein-coupled receptor 41 (GPR41) and GPR43, influences
insulin-induced glucose uptake[25], and inhibits the proliferation of liver cancer and colon cancer cells[26,
27]. In addition, propionate also suppresses invasion by activating large tumor suppressor kinase 1 and
inhibiting extracellular signal-related kinase 1/2 in breast cancer cells[28, 29]. However, the functional
repertoire of propionate contributing to human OSCC remains largely unexplored. Since the molecular
mechanism of the TROP2/PI3K/Akt pathway was identified in our previous study[1, 30], we herein explore
the interaction between the oral microbiota and host TROP2-related pathway activity in the development
of OSCC.

Materials And Methods
DNA Extraction and 16S rDNA Gene Amplicon Sequencing

No antibiotic drugs were used in participants within one month, 2ml of saliva samples from each
participants were collected and placed in a sterile tube and then stored at -80 C for future use. Genomic
DNAs were extracted using the Magnetic Swab DNA Extraction kit (WH0117, Apronal Inc.) according to
the manufacture's guidelines. The integrity and size of DNA samples were confirmed by 1.0% agarose gel
electrophoresis and the concentrations of DNA samples were measured by the NanoDrop
spectrophotometer(Nano Drop, Germany). 16S rDNA gene amplicon sequencing libraries of the V4 region
were prepared using the primers 319F: 5-~ACTCCTACGGGAGGCAGCAG-3’, and 806R: 5-
GGACTACHVGGGTWTCTAAT-3', the amplicons were quantified and the pools were sequenced on the
MiSeq PE300 sequencing instrument (lllumina, USA) by 2x300bp chemistry according to the
manufacture's guidelines.

16S rDNA Sequencing Data Analysis

Reads of end-matched were assigned to each samples based on the unique barcodes and then truncated
by cutting off the barcode and primer sequences. Then modified reads were merged by the tool of Fast
Length Adjustment of SHort reads(FLASH). Sequences were assigned to the same operational taxonomic
units (OTUs) with a similarity threshold = 97% using the CD-HIT online tool(V.4.6.1). Abundance of OTUs
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were normalized using the PyNAST and Mothur softwares and a- and - diversity were evaluated by
quantitative insights into microbial ecology(QIIME) and principal coordinate's analysis (PCoA).The
Wilcoxon rank-sum test and Welch's t-test were calculated to analyze bacterial abundance and diversity
while the heatmaps were drawn based on the nonparametric Wilcox test (p < 0.05, < 0.1) at the genus
level.

Immunohistochemical Staining

Paraffin sections (4-um ) from participants were soaked in alcohol solutions according to the gradient of
95,85 and 75%; 5 min per solution to realize dewaxing and rehydration. 3% hydrogen peroxide was added
to inhibit the activation of endogenous peroxidase. Antigen retrieval was performed by sodium citrate
acid buffer at 95°C, 10 min. Anti-TROP2(1;200, AF650; R&D Systems, Inc.) was incubated with specimens
overnight at 4°C. The peroxidase (dako; Agilent Technologies, Inc.) was used to detect the reactions and
3,3'-diaminobenzidine etrahydrochloride with hematoxylin were used as the counterstain. Slides stained
with TROP2 were scanned under power magnification (x200) to identify the five areas with the highest
TROP2 density and then imaged at a magnification of x400. The total cells and TROP2 positive cells
were counted in each field respectively. The experiments were performed separately by two experienced
researchers with a double-blind manner. The percentage of positive cells in each field (0-100%) was
calculated and compared. All experiments were prepared in accordance with the national guidelines
approved by the Medical Ethics committee of children's Hospital of Nanjing Medical University (February
24,2022) and informed consent was given by all participants.

Isolation of Veillonella Parvula from the Saliva Samples

10ul of saliva samples were diluted in 10ml sterilized water and inoculated on the Veillonella Medium
Base (pancreatic digest of casein 5g/L, yeast extract 3.0g/L, sodium thioglycolatem 0.75g/L, basic
fuchsin 0.002g/L, agar 15g/L, 1.2% sodium lactate solution, 0.1% vancomycin PH7.5) cultured at 37°C in
a anaerobic bag for 16-18 hours. Colony Forming Unites(CFU) of each plates were counted and 30
colones of each plates were cultured in Veillonella liquid medium. The genomic DNA was extracted and
the full T6SrRNA sequencing was amplified with using primers 27F:AGAGTTTGATCCTGGCTCAG and
1429R:GGTTACC TTGTTACGACTT, sequences were matched in NCBI database by Basic Local Alignment
Search Tool (BLAST)to identified the species of bacteria colones. To confirm, primers of Veillonella
parvula were designed according to the sequences and real time PCR assay was performed in DNA
samples.

Cell Culture

The OSCC cell lines HN6 and normal oral epithelial cells (HOK)were obtained from Children’s Hospital of
Nanjing Medical University. HOK and HN6 cell lines were maintained in DMEM medium(Gibco; Thermo
Fisher Scientific Inc.) supplemented with 10% FBS(Invitrogen; Thermo Fisher Scientific, Inc.), penicillin
(100 1U/ml) and streptomycin (100 IU/ml) at 37°C in a humidified,5% CO 2 atmosphere.

Cell Viability Assay
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Cells were seeded into a 96-well plate with a density of 2x10° cells per well, the Veillonella parvula cells
and heat inactivated Veillonella parvula cells (0.05mg/ml) which were washed for 3 times with PBS, and
same dilution-culture supernatant were co-cultured with cells for 2hrs then replaced by fresh medium for
another 24 hrs. In the propionate treatment group, cells were co cultured with propionate for 24hrs. Cell
proliferation assays were performed using a CCK-8 assay (Beyotime Institute of Biotechnology)
according to the manufacturer's protocol. Generally speaking, 10ul of CCK8 were added into each well
after the 4h or 24h culture time, and incubated for 4 hours before absorbance was recorded at 450 nm
using an GEN5 Reader(BioTek Instruments, Inc.).

Invasion Assays

For the transwell Invasion assay, 1x10 * HN6 or HOK cells were plated in the top chamber with an
matrigel (1:15, 3D cell culture hydrogel kit; Biozellen) coated membrane (8 pm, 24-well plate, BD
Biosciences). Veillonella parvula NCTC11810 cells, heat inactivated Veillonella parvula NCTC11810 cells,
culture supernatant and 10mM of sodium propionate solution were used to treat the cells. Cells plated in
the top chamber in serum-free media were incubated with Veillonella parvula NCTC11810 cells, heat
inactivated Veillonella parvula NCTC11810 cells and culture supernatant for 2 h and 24 h with sodium
propionate respectively. Cells in the upper chamber were removed with a cotton swab slightly while cells
on the lower surface of the membrane were stained with 0.1% crystal violet for 30 min at room
temperature and counted under the optical microscope.

Flow cytometry analysis of apoptosis.

1x10 © /ml cells were harvested with trypsin-EDTA free solution, washed for 2 times with PBS and
incubated for 5 min in 500pl binding buffer, 5ul of Annexin V-FITC and Annexin V-PI staining were added
according to the setting of tubes( FITC positive tube, PI positive tube, FITC-PI double negative tube and
target samples ) respectively, and incubated for 15 min at R.T. in the light avoided environment.
Apoptosis analysis was assessed using CytoFLEX system (Beckman Coulter, Inc.).

Western Blotting Analysis

Antibodies including: Anti-TROP2 (1:1000; AF650; R&D), anti-Akt (1:10,000;ab179463; Abcam), anti-p-
Akt(1:1000; AA329; Beyotime), anti-PI3Kp85 (1:1,000; T40115s; CST), anti-P-PI3Kp85 (1:1,000;4228s;
CST), anti-cleaved gasderminD(1:1000; 36425;CST),anti-B-tubulin(1:1000;2146;,CST) and anti-GAPDH
(1:5,000; ab181602; Abcam). Membranes were incubated with the antibodies(diluted in 5% skim milk)
over night at 4 °C. Membranes were Washed with PBST for three times and incubated with secondary
antibodies at room temperature for 2 hours. The signals were visualized and quantiated using an
enhanced chemiluminescence system (GE Healthcare) and densitometry analysis was performed
usingenhanced chemiluminescence system (Tanon, China). Each experiment was repeated at least three
times.

Statistical Analysis

Page 5/20



GraphPad (Prism 5.0) was used for statistical analysis. Comparisons between groups were calculated
using unpaired t-test and data were reported as the mean + SEM. P < 0.05 was considered to indicate a
statistically significant difference.

Results

1. The structural composition of saliva microbiota was altered in patients with high TROP2 expression
and

Saliva samples from 11 subjects, including 5 patients diagnosed with OSCC and 6 volunteer subjects,
were collected from February to April 2022 from Nanjing Stomatological Hospital. The mean age of the
total cohort was 56.4 years and comprised 50% men. Based on the diagnostic results, TROP2 expression
in oral tissues of OSCC patients and volunteers was detected by immunohistochemistry staining, and the
expression was 56.70% in OSCC tissues, which was higher than that in normal oral tissues (16.45%) (Fig.
71GH).

To investigate the characteristics of the saliva microbiome, we analyzed the bacterial composition and
community structure via 16S rDNA gene sequencing. Based on the microbial genomics samples, an
average of 806,197 reads were aligned per sample. Alpha diversity based on Chao1 distance and beta
diversity based on an unweighted principal coordinate analysis (PCoA) showed that the bacterial diversity
of OSCC indicated an ecological resemblance among samples in each group, revealing a marked
decrease and distinguishing it from the HC group (Fig.7 AB), respectively. Although microbial variability
at the phylum level cannot explain individual differences, we can roughly distinguish the difference
between the two groups from the microbiome relative abundance. The dominant bacterial species of
each group were similar and belonged to five main phyla: Firmicutes, Bacteroidetes, Proteobacteria,
Actinobacteria, and Fusobacteria. Moreover, levels of Elusimiceobia, Chloroflexi, Verrucomicrobia,
Deferribacteres, and Planctomycetes increased in the OSCC group, while levels of Synergistetes,
Candidatus-Gracilibacteria and Cyanobacteria decreased slightly (Fig. 7C). We further analyzed the
taxonomic profile at the genus level, and the relative abundance among the 30 major genera showed that
Prevotella, Treponema, Lautropia, and Lactobacillus were markedly decreased (Wilcox. test. p<0.05) in
OSCC patients, while Aggregatibacter and Rothia were relatively increased (wilcox. test. p<0.05) (Fig.1D).
Next, we compared wilcox. test. P values for the top 30 species of bacteria between the OSCC group and
HC group at the species level. Five species, including Lactobacillus casei, Neisseria subflava, uncultured
Haemophilus sp., Veillonella sp. HGFM67 and Veillonella sp. oral clone VeillB9 were significantly
decreased (Wilcox. test.p<0.05) while Veillonella parvula was relatively decreased((wilcox. test.p=0.05)) in
OSCC patients. We also found that two species, Bacilli unclassified and Rothia mucilaginosa, were
significantly increased in the OSCC group (Fig.7 E). We further analyzed the bacterial community
structure by using linear discriminant effect size (LEfSe), an algorithm for bacterial biomarker discovery
that uses linear discriminant analysis (LDA) to estimate the effect size of each taxon that is differently
represented in two groups, and found several high-dimensional biomarkers in two groups (Fig. 7F).
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These results indicated that the composition of the saliva microbiota in patients with high TROP2
expression was significantly altered in OSCC patients.

2. The screening and identification of Veillonella parvula NCTC11810

Veillonella species are known as early colonizers of the oral microbiome and normally inhabit the mouth,
upper respiratory tract, intestine and vagina[31, 32]. Recent studies illustrate the association of Veillonella
spp. with mixed infections in children. However, the function and importance of Veillonella species in
OSCC cancer are uncertain[33].

Since Veillonella sp. HGFM67, Veillonella sp. oral clone VeillB9 and Veillonella parvula were decreased in
OSCC patients to different degrees. To investigate the difference in Veillonella between the two groups in
vivo, we collected 3 more samples of control group and analyzed the colony forming units (CFUs) of the
Veillonella genus on Veillonella agar medium and found that the CFUs of Veillonella bacteria were not
different in OSCC patients compared with those in the HC controls, which was consistent with the
taxonomy profile results (Fig. 2 ABand Fig. 1,D). For further exploration, we purified 34 colons from
columbia blood plates by dilution separation methods from HC saliva samples and identified one colon
of Veillonella parvula NCTC11810 with 99.71% sequence similarity (Supplementary Fig.ST). Next, we
detected the expression level of Veillonella parvula NCTC11810 by real-time PCR and found a 10-fold
reduction in the OSCC group (Fig. 2C).

3. Veillonella Parvula NCTC11810 Cells and Culture Supernatantinhibited the Proliferation and Invasion
Ability of HN6 Cells

As in our previous study, the expression of TROP2 was evaluated in HN6 cells compared with HOK cells
(Fig.3A). To investigate the biological function of Veillonella parvula NCTC11810 in OSCC cells, we
treated HOK and HNG6 cells with Veillonella parvula NCTC11810 cells, heat inactivated Veillonella parvula
NCTC11810 cells and culture supernatant for 2 hours. The viability of cells was investigated by CCK8
assays, and the results showed that cell proliferation at 24 hours was significantly reduced in HN6 cells
treated with Veillonella parvula NCTC11810 and culture supernatant fluid compared with heat inactivated
bacterial cells. For another cell line, Veillonella parvula NCTC11810, heat inactivated Veillonella parvula
NCTC11810, and the culture supernatant treatment seemed to have no effects on the proliferation ability
of HOK cells (Fig.3 B). In transwell assays, the number of cells that migrated across the Matrigel was
counted, and the results indicated that both culture supernatant and bacterial cells reduced the cell
invasion ability 24 hours after treatment in HN6 cells, but heat inactivated Veillonella parvula NCTC11810
cells could not inhibit the invasion of HN6 cells; however, the number of HOK cells that migrated across
the Matrigel was not different among the treatment groups. (Fig.3GD)

The data above indicated that the viable Veillonella parvula NCTC11810 cells and its metabolite products
inhibited the proliferation and invasion ability of HN6 cells.

4. Veillonella Parvula NCTC11810 Cells and Culture Supernatant Promoted the Apoptosis of HN6 Cells
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To further confirm the function of Veillonella parvula NCTC11810 in OSCC cells. HOK and HN6 cells were
treated with the measures above, subjected to PI/Annexin V staining and analyzed by flow cytometry
analysis to determine the percentages of viable cells (lower left quadrant), early apoptotic cells (lower
right quadrant), and late apoptotic cells (upper right quadrant). The results revealed that HN6 cells in the
late apoptotic stage accounted for 9.25% in the Veillonella parvula NCTC11810-treated group and 17.48%
in the culture supernatant-treated group, which were markedly increased compared with those of the heat
inactivated Veillonella parvula NCTC11810-treated and control groups. The percentage of late apoptotic
HOK cells was not different among the Veillonella parvula NCTC11810, heat-inactivated Veillonella
parvula NCTC11810 and culture supernatant groups compared with those of the control group. (Figure 4

)

The data above indicated that apoptosis was significantly induced by the viable Veillonella parvula
NCTC11810 cells and its metabolite products in HN6 cells.

The cytological phenotype of the Veillonella parvula NCTC11810 cell treatment but not the heat-
inactivated Veillonella parvula NCTC11810 cell treatment inhibited the proliferation and invasion and
promoted the apoptosis of HN6 cells might be because Veillonella parvula NCTC11810 cells were added
to the cell culture plates, and the nutrient substance in the culture medium might promote the metabolism
of Veillonella parvula NCTC11810 cells to some degree and induce the secretion of SCFAs, which play an
antitumor function in HN6 cells.

The results suggested that the metabolite products of Veillonella parvula reduced proliferation and
invasion and promoted apoptosis in TROP2-overexpressing HN6 cells. In the human oral cavity, the
enriched culture of anaerobic microorganisms, for example Veillonella parvula, was shown to favor the
process of fermenting lactic acid into propionate through the acrylate pathway[34-36]. Propionate has
been found to inhibit the proliferation of liver cancer cells and induce the apoptosis of breast cancer cells,
indicating a potential anticancer property; however, studies on propionate for the proliferation, invasion
and apoptosis of OSCC are lacking. Thus, we investigated the anticancer effect of sodium propionate
(SP) on the proliferation, invasion and apoptosis of OSCC cells.

5. SP inhibited the proliferation and invasion of HN6 cells of OSCC.

To determine the regulatory mechanism of Veillonella parvulain OSCC cells with high TROP2 expression,
we treated HN6 and HOK cells with sodium propionate (SP) in diluted concentrations of 10 mM, 20 mM,
50 Mm and 100 mM. Proliferation was investigated by CCK8 assays 24 hours later, and the data
suggested that cell viability was affected by the concentration of SP, as a stronger inhibition ability
appeared in HN6 and HOK cells treated with higher concentrations of SP. Furthermore, the inhibition
ability of SP was more distinct in HN6 and HOK cells at concentrations of 10 mM and 20 mM (Fig. 5A).
Then, we detected the invasion ability of HN6 cells. The results of the transwell assay 24 hours after 10
mM SP treatment indicated that the invasion ability of HN6 cells was significantly decreased in the SP
group, while there was no obvious change in HOK cells (Fig.5B,C). Even the low concentration of SP that
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our data showed may inhibit the proliferation and invasion ability of OSCC cells with high TROP2
expression compared with that of normal cells.

6. Exposure to SP induced apoptosis in HN6 cells.

Since the culture supernatant of Veillonella parvula NCTC11810 promoted the apoptosis of HN6 cells,
cells can take up propionate and use it as a metabolic substrate, providing energy through mitochondrial
oxidation[37]. To further investigate the biological function of propionate in HN6 cells, 10 mM SP was
added to HNG6 cells for 24 hours, stained with PlI/Annexin V and analyzed by flow cytometry . The results
demonstrated that the overall apoptosis rate of SP-treated HN6 cells was 33% and significantly increased
compared with that of the HOK group (3.36%); in particular, the late apoptotic percentage was 25.56% in
HNG6 cells, and the early apoptotic percentage was 7.97%, which were higher than those of HOK (3.37%
and 0.25%, respectively) (Fig.6 and Supplementary Fig.S2).

7. SP Inhibited the TROP2/PI3K/Akt Pathway in HN6 Cells

Our previous study indicated that TROP2 might induce cell proliferation and invasion by activating the
PI3K/Akt signaling pathway in OSCC, osteosarcoma and gallbladder cancer cells[38, 39]. To detect
whether SP regulates cell behavior by modulating the Trop2/PI3K/Akt pathway, Western blotting was
performed to explore the expression of related proteins in HN6 and HOK cells. As shown in Fig.7, the
expression levels of PI3K and Akt were not significantly changed between the SP treatment and control
groups in HOK and HNG6 cells (Fig. 7A,B). However, the expression levels of phosphorylated PI3K and
phosphorylated Akt were totally inhibited in HOK cells and SP-treated HOK and HN6 cells but relatively
activated in HN6 cells (Fig. 7C,D). Moreover, the expression level of TROP2 in SP-treated HN6 cells was
remarkably inhibited compared with that in HN6 control group (Figure.7E).

These results suggest that SP, the main metabolite of Veillonella parvula NCTC11810, may inhibit
proliferation and invasion ability and promote the apoptosis by affecting the activity of the TROP2-
related PI3K/Akt pathway.

Discussion

OSCC arises in the oral cavity and tends to metastasize to the lymph node[40]. The occurrence and
migration of OSCC is a complex and multi-step process consisted of a progression from dysplasia to
carcinoma and involving a variety of epigenetic and genetic changes in the genome that lead to
dysfunction in cell proliferation, cell death and cell apoptosis. With the advent of new technologies in the
field of medicine, a large number of genetic and/or environmental factors, such as the dysregulation of
TP53, TROP2Z, cell cycle regulators,smoking, alcohol consumption and chronic oral diseases, have been
studied and are available for medical research, however, the survival rate remains poor. Since the
widespread use of moleculartargeted therapy, several target proteins have been studied related to the
malignant progression of OSCC, among which TROP2 has been implicated as a marker highly enriched in
cell membrane and cytoplasm [41] especially when cells become malignant and in some cases of cancer
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metastasis and recurrence[42, 43] and provides crucial signals in the MAPK and PI3K/Akt pathways for
cell proliferation, survival, self-renewal, and invasion[44]. Chemotherapeutic agents such as cisplatin, 5-
fluorouracil, and paclitaxel have now become first-line chemotherapeutic agents for OSCC [45, 46], but
most patients acquired drug resistance and leaded to a poor prognosis eventually.

Propionate is the main metabolic product of Veillonellae and relay signals from the oral microbiota to the
host[47, 48]. Accumulating data have shown that the beneficial effects of propionate differ considerably
in potential effects on some kinds of cancers; however, studies on propionate regarding its proliferation,
invasion and apoptosis of OSCC are lacking.

Our findings suggested a reduction in Veillonella parvula NCTC11810 in the saliva microbiome of OSCC
patients. By isolating and identifying the saliva sample, a strain of Veillonella parvula NCTC11810 was
separated, and its reduced expression level was confirmed in OSCC patients. Furthermore, the
proliferation and invasion ability of HN6 cells were inhibited by the culture supernatant of Veillonella
parvula NCTC11810 and bacterial cells but not by heat inactivated bacterial cells compared with HOK
control cells (Fig. 4,5). In addition, Veillonella parvula NCTC11810 culture supernatant promoted the
apoptosis of HN6 cells compared with that of bacterial cells or heat-inactivated bacterial cells (Fig. 6).
Since Veillonella parvula NCTC11810 cells were added to the cell culture plates, the nutrient substance in
the cell culture medium might promote the metabolism of Veillonella parvula NCTC11810 cells and
induce the secretion of propionate and/or other SCFAs, which play an antitumor role in HN6 cells.

Since propionate is the main metabolic product of Veillonella parvula NCTC11810, to explore the
molecular mechanism of propionate in the TROP2-related pathway in OSCC cells, we treated HN6 and
HOK cells with different concentrations of sodium propionate and found that sodium propionate inhibited
the proliferation and invasion and promoted the apoptosis of HN6 cells even at a low concentration (Fig.
S1). Moreover, the suppressive effects of propionate on proliferation and invasion and the induction of
apoptosis in cancer cells were mediated through the TROP2/PI3K/Akt pathway, as the protein levels of P-
PI3K and P-Akt were almost completely decreased in the sodium propionate-treated HN6 cells. In addition,
we explored the expression of PI3K and Akt and their phosphorylation levels in heat-inactivated
Veillonella parvula NCTC11810-treated cells and found that the stripes completely disappeared in both
HOK cells and HNG6 cells. Lipopolysaccharide (LPS) is the major component of the outer membrane of
gram-negative bacteria. Related studies suggested that LPS elicits a lytic cell death called pyroptosis by
the canonical caspase-1 inflammasomes or by activation of caspase-4, -5 and - 11, which cleave
gasdermin-D (GSDMD) in its middle linker to release autoinhibition on its gasdermin-N domain and
execute pyroptosis via its pore forming activity. In this study, our preliminary data also showed that viable
and heat inactivated Veillonella parvula NCTC11810 treatment increased the cleavage of GSDMD
compared with SP treatment and the control group in HN6 cells (Supplementary Fig. S3), which might
suggest the pyroptosis activation of Veillonella parvula NCTC11810 cells, but the mechanism still needs
to be explored.
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In conclusion, the propionate metabolite of Veillonella parvula inhibited proliferation and invasion and
promoted apoptosis in an OSCC cell line by inhibiting the activation of the TROP2/PI3K/Akt pathway.
Therefore, our study suggested the potential antitumor effects of propionate achieved by regulating the
intracellular signaling pathway in OSCC, which might provide insights into a novel therapeutic strategy
for OSCC.

Declarations

Acknowledgments

This study was financially supported by the National Natural Science Foundation of China (81872426),
Nanjing Medical Science and Technology Development Fund(YKK21152), and Science and Technology
Development Fund of Nanjing Medical University (NMUB20210072).

Conflict of interests

The authors declared no conflict of interests.

References

1. Tang G, et al. TROP2 increases growth and metastasis of human oral squamous cell carcinoma
through activation of the PI3K/Akt signaling pathway|[J]. Int J Mol Med. 2019;44(6):2161-70.

2. Wei J, et al. Salvianolic acid B inhibits glycolysis in oral squamous cell carcinoma via targeting
PI3K/AKT/HIF-1a signaling pathway[J]. Cell Death Dis. 2018;9(6):599.

3. Roi A, et al. The Challenges of OSCC Diagnosis: Salivary Cytokines as Potential Biomarkers[J]. J Clin
Med. 2020;9(9):2866.

4. Jia L, et al. Trop2 inhibition of P16 expression and the cell cycle promotes intracellular calcium
release in OSCC[J]. Int J Biol Macromol. 2020;164:2409-17.

5. Sasahira T, Bosserhoff AK, Kirita T. The importance of melanoma inhibitory activity gene family in
the tumor progression of oral cancer[J]. Pathol Int. 2018;68(5):278-86.

6. Stewart D, Cristea M. Antibody-drug conjugates for ovarian cancer: current clinical development[J].
Curr Opin Obstet Gynecol. 2019;31(1):18-23.

7. Liu J, et al. A novel human monoclonal Trop2-IgG antibody inhibits ovarian cancer growth in vitro
and in vivo[J]. Biochem Biophys Res Commun. 2019;512(2):276-82.

8. Zhao W, et al. The role and molecular mechanism of Trop2 induced epithelial-mesenchymal
transition through mediated B-catenin in gastric cancer[J]. Cancer Med. 2019;8(3):1135-47.

9. Zhao W, et al. The killing effect of novel bi-specific Trop2/PD-L1 CAR-T cell targeted gastric cance[J].
Am J Cancer Res. 2019;9(8):1846-56.

10. Jordheim LP, et al. Unexpected Growth-Promoting Effect of Oxaliplatin in Excision Repair Cross-
Complementation Group 1 Transfected Human Colon Cancer Cells[J]. Pharmacology. 2018;102(3-

Page 11/20



11.

12.

13.

14.

15.
16.

17.

18.

19.
20.

21

22.

23.

24.

25.

26.

27.

4):161-8.

Nishimura T, et al. Photoimmunotherapy targeting biliary-pancreatic cancer with humanized anti-
TROP2 antibody[J]. Cancer Med. 2019;8(18):7781-92.

Wang XD, et al. Trop2 inhibition suppresses the proliferation and invasion of laryngeal carcinoma
cells via the extracellular signal-regulated kinase/mitogen-activated protein kinase pathway[J]. Mol
Med Rep. 2015;12(1):865-70.

Wanger TM, et al. Differential regulation of TROP2 release by PKC isoforms through vesicles and
ADAM17[J]. Cell Signal. 2015;27(7):1325-35.

Zhang B, et al. Tissue mechanics and expression of TROP2 in oral squamous cell carcinoma with
varying differentiation[J]. BMC Cancer. 2020;20(1):815.

Peterson J, et al. The NIH Human Microbiome Project[J]. Genome Res. 2009;19(12):2317-23.

Zhou CB, Zhou YL, Fang JY. Gut Microbiota in Cancer Immune Response and Immunotherapy|[J]
Trends Cancer. 2021;7(7):647-60.

Gao R, et al. Gut microbiota and colorectal cancer[J]. Eur J Clin Microbiol Infect Dis. 2017;36(5):757-
69.

Angelucci F, et al. Antibiotics, gut microbiota, and Alzheimer's disease[J]. J Neuroinflammation.
2019;16(1):108.

Zhao H, et al. Variations in oral microbiota associated with oral cancer[J]. Sci Rep. 2017;7(1):11773.
Mager DL, et al. The salivary microbiota as a diagnostic indicator of oral cancer: a descriptive, non-

randomized study of cancer-free and oral squamous cell carcinoma subjects[J]. J Transl Med.
2005;3:27.

. Wang L, et al. Variations in Oral Microbiota Composition Are Associated With a Risk of Throat

Cancer[J]. Front Cell Infect Microbiol. 2019;9:205.

Bornigen D, et al. Alterations in oral bacterial communities are associated with risk factors for oral
and oropharyngeal cancer[J]. Sci Rep. 2017;7(1):17686.

Granato DC, et al. Meta-omics analysis indicates the saliva microbiome and its proteins associated
with the prognosis of oral cancer patients[J]. Biochim Biophys Acta Proteins Proteom.
2021;1869(8):140659.

Heintz-Buschart A, Wilmes P Human Gut Microbiome: Function Matters[J]. Trends Microbiol.
2018;26(7):563-74.
Han JH, et al. The effects of propionate and valerate on insulin responsiveness for glucose uptake in

3T3-L1 adipocytes and C2C12 myotubes via G protein-coupled receptor 41[J]. PLoS ONE.
2014;9(4):95268.

Bindels LB, et al. Gut microbiota-derived propionate reduces cancer cell proliferation in the liver[J]. Br
J Cancer. 2012;107(8):1337-44.

Zeng H, et al. Superior inhibitory efficacy of butyrate over propionate and acetate against human
colon cancer cell proliferation via cell cycle arrest and apoptosis: linking dietary fiber to cancer

Page 12/20



28.

29.

30.

31.

32.
33.

34.

35.

36.

37.

38.

39.

40.
41.

42.
43.
44.

45.

46.

prevention[J]. Nutr Res. 2020;83:63-72.

Thirunavukkarasan M, et al. Short-chain fatty acid receptors inhibit invasive phenotypes in breast
cancer cells[J]. PLoS ONE. 2017;12(10):e0186334.

Sivaprakasam S, Prasad PD, Singh N. Benefits of short-chain fatty acids and their receptors in
inflammation and carcinogenesis[J]. Pharmacol Ther. 2016;164:144-51.

Tang G, et al. High expression of TROP2 is correlated with poor prognosis of oral squamous cell
carcinomalJ]. Pathol Res Pract. 2018;214(10):1606-12.

Sherrard LJ, Bell SC, Tunney MM. The role of anaerobic bacteria in the cystic fibrosis airway[J]. Curr
Opin Pulm Med. 2016;22(6):637-43.

Brook I. Veillonella infections in children[J]. J Clin Microbiol. 1996;34(5):1283-5.

Luo YX, et al. Research progress in the relationship between Veillonella and oral diseases[J]. Hua Xi
Kou Qiang Yi Xue Za Zhi. 2020;38(5):576—-82.

Jia YJ, et al. Association Between Oral Microbiota and Cigarette Smoking in the Chinese
Population[J]. Front Cell Infect Microbiol. 2021;11:658203.

Luppens SB, et al. Effect of Veillonella parvula on the antimicrobial resistance and gene expression
of Streptococcus mutans grown in a dual-species biofilm[J]. Oral Microbiol Immunol.
2008;23(3):183-9.

Bajic D, et al. Gut Microbiota-Derived Propionate Regulates the Expression of Reg3 Mucosal Lectins
and Ameliorates Experimental Colitis in Mice[J]. J Crohns Colitis. 2020;14(10):1462-72.

Hggh R, et al. Metabolism of short-chain fatty acid propionate induces surface expression of NKG2D
ligands on cancer cells[J]. Faseb j. 2020;34(11):15531-46.

Gu QZ, et al. TROP2 promotes cell proliferation and migration in osteosarcoma through PI3K/AKT
signaling[J]. Mol Med Rep. 2018;18(2):1782-8.

Li X, et al. TROP2 promotes proliferation, migration and metastasis of gallbladder cancer cells by
regulating PI3K/AKT pathway and inducing EMT[J]. Oncotarget. 2017;8(29):47052-63.

Rivera C. Essentials of oral cancer[J]. Int J Clin Exp Pathol. 2015;8(9):11884-94.

Fong D, et al. TROP2: a novel prognostic marker in squamous cell carcinoma of the oral cavity[J].
Mod Pathol. 2008;21(2):186-91.

Guerra E, et al. The Trop-2 signalling network in cancer growth. Oncogene. 2013;32(12):1594-600.
Ambrogi F, et al. Trop-2 is a determinant of breast cancer survival[J]. PLoS ONE. 2014;9(5):€96993.

Cubas R, et al. Trop2 expression contributes to tumor pathogenesis by activating the ERK MAPK
pathway[J]. Mol Cancer. 2010;9:253.

Almeida LY, et al., FASN inhibition sensitizes metastatic OSCC cells to cisplatin and paclitaxel by
downregulating cyclin B1[J]. Oral Dis, 2021.

Meng X, et al. The role of non-coding RNAs in drug resistance of oral squamous cell carcinoma and
therapeutic potential[J]. Cancer Commun (Lond). 2021;41(10):981-1006.

Page 13/20



47. Louis P, Flint HJ. Formation of propionate and butyrate by the human colonic microbiota[J]. Environ
Microbiol. 2017;19(1):29-41.

48. Molinaro A, et al. Imidazole propionate is increased in diabetes and associated with dietary patterns
and altered microbial ecology. Nat Commun. 2020;11(1):5881.

Figures
A B c
LT
el == PCoA plot —
; ' Pe——
H—]
™ " o
* Lt Sty
e
- H
:C_“
T
Emi * —
g g TIi
1= a v osec :r
: —
—_—T o
- "
-l ¥
.-Il ] ('] "
- o o PCoA1(16.38%) v i
D Genus E
- |
‘ . poemer B9 i
f | . 3 -
¥ — =
et
.= =—==
rt = -
‘J-' eeman e emam e e
.l‘ E
\ ——
ea—— A8 AR 48 A% M e
‘ E By L s
. -2 0 H
LDA SCORE og 101
G

H

2%

=

- e
S 601

0

s

£ 40

[

o

o

™ 204

o

[*]

F ol

Health oscc

Figure 1
Page 14/20



Microbiota composition and abundance in saliva samples of OSCC analyzed by lllumina MiSeq
sequencing. (A) Alpha diversity of OSCC group and HC group analyzed by Wilcoxon analysis; (B) Beta
diversity of saliva microbiome analyzed by PCoA analysis of OSCC group and HC group; (C)
Compositional change at the phylum level; (D) Heatmap of community composition at genus level; (E)
Cluster analysis results of the groups of saliva microbiota at the species level, p value of Veillonella
parvula was 0.05; (F) Association of specific microbiota taxa with the groups by linear discriminant
analysis(LDA) effect size(LEfSe); (G) Representative immunohistochemical images of TROP2 protein
expression in and healthy controls and tumor tissues of OSCC patients left 200x, right 400x . n=5,

**p<0.01.
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The identification and expression of Veillonella parvula NCTC11810.(A) CFU analysis of Veillonella genus
in saliva microbiota of health controls and OSCC patients; (B) Agar plating of Veillonella genus in saliva
microbiota of health controls and OSCC patients; (C) Relative expression level analysis of Veillonella
parvula NCTC11810 by real time quantitative PCR. OSCC group n=8, Health group n=9*p<0.05.
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Figure 3

Effects of Veillonella parvula NCTC11810 on the proliferation and invasion of OSCC cells. (A) Expression
level of TROP2 in HOK and HN6 cells by Western blotting; (B) Effects of Veillonella parvula NCTC11810
on the proliferation of HN6 and HOK cells, cells treated with bacteria cell, heat inactivated bacteria cells
and culture supernatant were analyzed by CCK-8 assay. n=3, *p<0.05, ***p<0.001;(C,D) Effects of
Veillonella parvulaNCTC11810 on the invasion of HN6 and HOK cells by Transwell assay,cells treated
with Veillonella parvula NCTC11810 bacteria cell(Veillonella parvula), heat inactivated bacteria
cells(Heated V. Parvula) and culture supernatant of Veillonella parvula NCTC11810
(V.Parvulasupernatant) were counted, n=3,**p<0.01.

Page 16/20



Control Vellanaia Farvifa Heanud V. Farnvula ¥. Parvirla supsrmatan
0 1=!'i'" % ] Tam .“! TR [Ty "'I;; T e
t.l - x| 1_!
g o 3 = % == * .
Y T 1 ] 1 — b
) T W | 0 R
HOK ;] ':'.- “\_ ' 1 "‘ﬂ-.m: 1 ‘-;l : ._s'
:] 1 vl 1
¥ 1 1
UL AN - M T & L s meld S |y A
v K I ] ¥ - 1] "
o
= LR L) e = [TEET. T GEUBRAE = LIS ey SLAEN = OFLET SRy ORARH T 6w
] ] +] 3
= | = ® | =] ]
2 — T ¥, = 8 . *; : =
5 gy . o ] ﬁi?
NG %3 i ] il 5 9“@ _ B G
-] i Ty Ty j Ty :
= B I:Ei W -'-'I
o LT 1% - P-Ll-“im o |l aihimg ':\C\I-I-CLI‘II'_II' I ':Iil-ﬂl:'_":!h! o |onrarre TILR] BN
a [T TR T T T 3w F A P e e b LT T ST AR e P e i Pl i
AnnexinV-FITC
Frik
ek
20- =
9 j Em Control
—
- . 3 V.parvula
= =
o BB Heated V.P.
° . [ Supernatant
g 10+
et
o
a
< 54
3
3
0-
HOK HNG6
Figure 4

Effects of Veillonella parvula NCTC11810 on the apoptosis of OSCC cells.

(A) The apoptosis rate of OSCC cells stained with PI/Annexin V staining and analyzed by flow cytometry
analysis; (B) Late apoptosis ratio of cells treated with Veillonella parvula NCTC11810 bacteria
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cells(Veillonella parvula), heat inactivated bacteria cells(Heated V. Parvula) and culture supernatant of
Veillonella parvulaNCTC11810 (V.Parvula supernatant) were compared with control. n=3,**p<0.01.
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Figure 5

Effects of sodium propionate (SP) on the proliferation and invasion of OSCC cells. (A) Effects of SP on
the proliferation of cells at different concentration by CCK-8 assay.(B) Effects of SP on the invasion of
cells at 10mM by transwell assay; n=3, *p<0.05.
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Effects of sodium propionate (SP) on the apoptosis of OSCC cells. (A) The apoptosis rate of OSCC cells
stained with PI/Annexin V staining and analyzed by flow cytometry analysis; (B) Late apoptosis ratio of
cells treated with SP were compared with control groups. n=3,***p<0.001.

Page 19/20



HOK HME

Propicnate — - —

PIIKDES " e - S—

[EL S TR ——

Fropionate -+ — -+

PLPIZK(Tyr 458)

CAPDH o D - -

E
HOK HME
Propionats + — 4
Brubulln -
TROP? - .
Figure 7

SP inhibited the PI3K/Akt signaling pathway in OSCC cells.
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(A)Representative western blots and densitometry analysis of PI3K expression level; (B) Representative
western blots and densitometry analysis of Akt expression level; (C) Representative western blots and
densitometry analysis of phosphorylated PI3K expression level; (D) Representative western blots and
densitometry analysis of phosphorylated Akt expression level; (E) Representative western blots and
densitometry analysis of TROP2 expression level.n=3, ****p<0.0001.
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