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Abstract

Recent findings indicate that the microbiota is involved in the development of lung cancer by
inducing inflammatory responses and generating genome damage. This study aimed to
compare sputum microbiomes from the mouth and oropharynx in non-small cell lung
carcinoma (NSCLC) patients. A second goal was to search for bacterial taxonomic units that
behave differently in the microbiome of NSCLC patients and healthy subjects. In the study,
the taxonomic composition of the sputum and oropharyngeal microbiomes of 23 male
patients with untreated NSCLC and 20 healthy subjects were compared. Next-generation
sequencing of bacterial 16S rRNA genes was used to determine the taxonomic composition
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of the respiratory microbiome. Using the Kruskal-Wallis test, increased alpha diversity was
observed in the sputum microbiome compared to that of the oropharynx, but this was
evident only in NSCLC patients and not in healthy subjects. Using the Robust Aitchison PCA
test, differences in beta diversity were found between sputum and oropharynx samples, and
these differences were significant both for NSCLC patients (p = 0.045) and healthy controls
(p = 0.009). However, no significant statistical differences were detected using the Robust
Aitchison PCA when only comparing oropharyngeal samples from NSCLC patients and
controls, nor when comparing sputum samples alone. Analysis of differences in the relative
percentage of individual bacterial taxa using the Mann-Whitney U-test, and taking into
account the FDR correction, showed an increase in the genus Rothia in oropharyngeal
samples of NSCLC patients, as compared to control subjects (4.98 + 6.33 vs 2.21 £ 6.28; p =
0.0008). However, linear discriminant analysis using LefSe did not show Rothia as a
differentially regulated feature between NSCLC and controls in the oropharynx. Thus, more
research is needed to identify possible bacterial NSCLC biomarkers in the oropharynx.

Keywords
Non-small cell lung cancer; 16S ribosomal RNA gene analysis; oropharyngeal microbiome;
sputum microbiome; taxonomic composition; Rothia

1. Introduction

Lung cancer (LC), is one of the most common cancers in the world and the leading cause of
cancer deaths among men [1]. Early detection is critical for reducing morbidity and mortality from
LC. The use of modern approaches is crucial for detecting the early stages of the disease.
Approximately 80% of LC cases are associated with exposure to tobacco, but LC develops only in
15% of smokers during their lifetime. This highlights the role of genetic and environmental
susceptibility factors in modulating the risk of LC developing [2]. Recently, growing attention has
been paid to the possible role of the bacterial microbiome in the development and progression of
LC. With the development of metagenomic studies, it was recently shown that the taxonomic
composition of the bacterial microbiome of the respiratory tract can differ significantly in LC
patients and healthy donors [3-6]. These studies show that certain bacterial taxa as well as
dysbiosis of the respiratory microbiota, correlate with the development of LC and suggest that
alpha diversity (richness and uniform distribution of taxa in samples) is significantly lower in
samples from cancerous tissues compared to healthy tissues, while community similarity (beta
diversity) varies widely [7]. Thus, the respiratory microbiome can be considered an important
diagnostic and prognostic indicator of LC. However, the search for operational taxonomic units
significantly associated with the risk of LC development and progression is far from complete.
Several previous studies have shown that changes in the number of specific taxa in the microbiota
of the lung tissue, bronchoalveolar lavage fluid (BALF), sputum, and saliva samples may be
associated with LC, but these studies have been largely inconsistent with respect to specific taxa
[8-14]. In addition, since the microbiota in different sites of the respiratory tract are known to
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have different taxonomic compositions, it can be assumed that their bacterial biomarkers in LC
will be different.

In this study, we tested for the first time the composition of the oropharyngeal microbiome in
patients with non-small cell lung carcinoma (NSCLC) and compared it to the sputum microbiome
of the same patients, and to that of healthy subjects using 16S metagenomic sequencing.

Thus, the aim of this study was firstly to compare the microbiome of the mouth and oropharynx
sputum from NSCLC patients. The second goal was to search for operational taxonomic units that
have a different representation in the microbiome of NSCLC patients and healthy subjects.
Understanding the relationship between the microbiota of the mouth, larynx and oropharynx
should help in establishing reliable testing procedures, thus facilitating early diagnosis of NSCLC.
This type of study will contribute to the creation of a complete picture of bacterial colonization in
all possible niches in the human body and a better understanding of the interaction of different
microbiota and their effects on the human body.

2. Materials and Methods
2.1 Cohort Information

The composition of the sputum and oropharyngeal bacterial microbiome was studied in 23
newly-diagnosed NSCLC male patients (average age 59.3 + 7.4 years) who were admitted to the
Kemerovo Regional Oncology Center (Kemerovo, Russian Federation) and 20 healthy male donors
(average age 51.5 + 6.8 years) who were residents of Kemerovo. There were differences in the
mean age between patients and controls (p < 0.05). Among NSCLC patients, 61% were active
smokers, compared to 50% in the control subjects. For NSCLC patients, the results of clinical and
histological analyses were additionally considered to determine the stage of the disease following
the TNM classification [15]. Accordingly, 7 patients (30.4%) had stage I-1l, and 16 patients (69.6%)
had stage lll-IV. Information regarding NSCLC and control subjects is summarized in Table 1. A
guestionnaire was filled out for each survey participant, containing information on place and date
of birth, living environment, occupation, exposure to occupational hazards, health status, dietary
habits, and intake of medications (use of antibiotics at least four weeks before sampling), X-ray
procedures, smoking and drinking status. Inclusion criteria were adult male aged 240 years, willing
to participate in the study, donate sputum and sign a written informed consent. Exclusion criteria
were any acute or chronic condition that would limit the ability of the patient to participate in the
study, use of antibiotics within 4 weeks before collection, failure to obtain a sputum sample, or
refusal to give informed consent.

Table 1 Characteristics of the study cohorts.

. NSCLC patients, Healthy Kemerovo
Variables ]
n=23 residents (controls), n =20
Age (years) (mean £ SD) 59.3 +7.4%* 51.5+6.8
Living environment (%):
City 78.0 85.0
Village 22.0 15.0
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Smoking status (%):

Smokers 61.0 50.0
Non-smokers 39.0 50.0
Alcohol status (%):
Non-drinker 13.0 15.0
Rare drinker (once/2 weeks) 39.0 15.0
Medium drinker (once/week)  48.0 70.0
Diet (%):
Vegetarian 0.0 0.0
Non-vegetarian 100.0 100.0
Histopathological status (%):
Squamous cell carcinoma 39.0
Adenocarcinoma 22.0
Large cell carcinoma 22.0 )
Small cell carcinoma 13.0
Undifferentiated 4.0
TNM* (%):
[, 11 30.4 -
1, v 69.6
Distant metastasis (%):
Yes 174 -
No 82.6
Tumor localization (%):
Central lung cancer 30.4
Peripheral lung cancer 43.5 -
Mixed lung cancer 8.7
Bronchial cancer 17.4

* p < 0.05 in comparison with controls; # tumor-node-metastasis.
2.2 Ethics Approval and Consent to Participate

All procedures followed the ethical standards of the Helsinki Declaration (1964, amended 2008)
of the World Medical Association. All participants (NSCLC and controls) were informed about the
aim, methodology and possible risks of the study, informed consent was signed by each donor.
The design of this study was approved by the Ethics Committee of the Kemerovo State University
(PROTOCOL CODE Ne 17/2021; 05.04.2021).

2.3 Sample Collection, Processing and Storage

To analyze the composition of the microbiome of the respiratory tract, sputum and
oropharyngeal samples obtained from NSCLC patients and control subjects were used. The
oropharyngeal and sputum samples were taken in parallel from each enrolled participant before
clinical diagnosis and before treatment. Samples were collected on the first day of hospitalization.
Before sputum and oropharyngeal sample collection, patients were asked to rinse their mouth.
Sputum samples were collected non-invasively through participant-induced coughing (i.e., without
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induction). Giemsa-stained cytological slide microscopy was used to test random sputum samples
to confirm the presence of columnar airway epithelial cells. Oropharyngeal samples were collected
by a physician after applying disposable sterile cotton sampling swabs to the posterior pharynx,
sidewalls, and crypts of the tonsil and wiping three times in a rotating manner. Then, the cotton
swab was placed into a swab preservation tube. The obtained samples were immediately placed in
sterile plastic vials and frozen at -20°C. Frozen samples were transported to the laboratory and
stored at -80°C.

2.4 DNA Extraction, 16S rRNA Gene Amplification and Sequencing

DNA extraction, 16S rRNA gene amplification and sequencing were performed as described
early [16].

2.5 Taxonomy Quantification Using 16S rRNA Gene Sequences and Statistical Methods

The resulting sequence data was processed using the program QIIME2 [17, 18]. A quality check
was carried out and a sequence library was generated. The sequences were combined into
operational taxonomic units (OTUs) based on a 99% nucleotide similarity threshold using the
Greengenes reference sequence library (versions 13—8) and SILVA (version 132), followed by the
removal of singletons (OTUs containing only one sequence). The total diversity of prokaryotic
communities (alpha diversity) of sputum and oropharyngeal was estimated by the number of
allocated OTU (analog of species richness) and Shannon indices (H = Zpi In pi, pi — part of i-sh
species in a community). When calculating sample diversity indices, 328 sequences were
normalized (the minimum number of received sequences per sample). The variation in the
structure of the bacterial community in different samples (beta diversity) was analyzed using the
Jackard index, and the difference between communities was estimated by UniFrac method [19], a
method common in microbial ecology, based on the phylogenetic relationships of the presented
taxa, and Robust Aitchison principal components analysis (PCA). The Log-ratio PCA compositional
biplot constructed by the DEICODE was used [20]. Additionally, linear discriminant analysis (LDA)
effect size (LEfSe) as well as ANCOMBC analyses were used to normalize the observed microbial
abundance data [21, 22].

In addition, to assess the significance of differences in the relative percentage of individual
bacterial taxa in sputum and oropharyngeal samples, the Mann-Whitney U test was used.
Spearman’s correlation coefficient was used to calculate correlations. The False Discovery Rate
(FDR) correction was used to assess the significance of differences in the relative percentages of
individual bacterial taxa considering multiple comparisons. Logistic regression was performed
using the GLM function and a binomial family generalized linear model in R. For categorical data,
dummy variables were created and tested for each individual factor level in a univariate GLM
analysis. Models were adjusted for age, smoking status, drinking status, and living environment.
Calculations were performed using the software package STATISTICA.10.

3. Results

In the present study, we compared the composition of the bacterial microbiomes in the sputum
and oropharynx of 23 patients with NSCLC and 20 healthy male donors. We used a large-scale
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approach for sequencing the V3 — V4 region of the 16S rRNA of bacterial genomes purified from
sputum and oropharyngeal samples from the compared groups in the study.

In the NSCLC group, the average number of analyzed sequences in the sputum was 8655 (467,
26154) and 22245 (908, 324170) in the oropharynx. In the healthy control group, the average

number of analyzed sputum sequences was 8698 (712, 22653) and 18602 (591, 52101) from the
oropharynx.

3.1 Comparison of Diversity and Taxonomy in Oropharyngeal and Sputum Specimens

We identified a total of 9 bacterial phyla with relative frequencies above 0.1%. In our dataset,
the prevailing phyla both in the sputum and oropharynx microbiomes were Firmicutes and
Bacteroidetes, which together accounted for more than 70% of the total microbiota (Figure 1). In
the NSCLC patient group, the Kruskal-Wallis test showed a statistically significant difference in
sputum and oropharynx samples. In the Shannon diversity index, from 1.66 to 7.25, H=6.777, p =
0.009 and in the Pielou's evenness index, from 0.43 to 0.95, J = 6.663, p = 0.009. For the control
group, statistical significance was shown only for the Pielou evenness index from 0.7 to 0.96, J = 13,
p = 0.0003 (Figure 2).

Sputum Oropharynx
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Figure 1 Taxonomical composition (at the phyla level) of sputum and oropharyngeal
microbiomes.
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Figure 2 A) Shannon diversity index and Pielou's evenness index for the sputum and
oropharynx bacterial microbiome in the NSCLC patients. B) Pielou's evenness index for
the sputum and oropharynx bacterial microbiome in the healthy controls.

Differences in the structure of bacterial communities in sputum and oropharyngeal samples of
NSCLC patients are shown in Figure 3. Differences in beta diversity revealed using the Robust
Aitchison PCA analysis were found between sputum and oropharynx samples from both NSCLC
patients (p = 0.045) and healthy controls (p = 0.009).

Axis 2 (30.57 %)
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oy @
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Axis 1 (69.43 %)

Figure 3 Log-ratio principal components analysis compositional biplot constructed by
the DEICODE.

Table 2 summarizes the results of a comparison of the relative abundance of bacterial phyla in
sputum and oropharyngeal samples from NSCLC patients and the control group. In general, the
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taxonomic composition of sputum and oropharynx microbiomes (at the phylum level) did not

show statistically significant differences,

either

in healthy donors or in patients. The

representation of Bacteroidetes, Spirochaetes and Tenericutes in the sputum microbiome from
NSCLC patients was significantly increased, but not statistically significant, taking into account the
FDR correction (Table 2).

Table 2 Comparison of the occurrence of the main types and genera of bacteria in the
sputum and oropharynx of NSCLC patients and healthy donors.

NSCLC patients Controls
Types/Genus Sputum, Oropharynx, P Sputum, Oropharynx, P
n=23 n=23 n=20 n=20
Firmicutes >3.03 % 43.33 % 0.14 4499 +12.20 48.66+17.74 0.49
13.16 21.22
Bacteroidetes 23832 1650 0.03 28.59+11.34 24.15+14.34 0.19
11.54 11.18
. . 14.47
Actinobacteria 8.15+5.44 10.78 0.05 6.67 £5.22 7.18+7.57 0.87
Proteobacteria 7.77+7.60 7.25+6.68 0.85 9.08+12.08 5.98+5.30 0.46
Fusobacteria 5.19+544 299+391 0.11 6.98 +3.99 7.70+£9.78 0.42
T™M7 157+1.79 1.19%1.9 0.12 1.84 +1.59 1.51+2.42 0.17
Spirochaetes 0.26+045 0.03+0.11 0.03 0.79+1.22 0.55+1.17 0.09
SR1 0.08£0.20 0.00 0.08 0.87 £2.46 0.20+£0.62 0.09
Tenericutes 0.07+0.16 0.01+0.05 0.05 0.34+£0.97 0.08 £ 0.23 0.11
3199+ 21.12 +
Streptococcus 0.04 19.51+£9.20 15.19+12.56 0.08
18.26 17.22
Alloprevotella 3.83+3.03 2.12+2.59 0.03 2.93+4.38 1.69 £1.99 0.45
Fusobacterium 149+142 0.82+1.57 0.03 2.37 £2.87 5.78 £9.67 0.85
Gemella 269+198 1.60+1.59 0.05 1.97 £2.46 1.07 £1.99 0.03
Rothia 1.89+1.87 4.78+6.49 0.04 1.87+2.42 2.34+6.63 0.07
Bacillus 270+£193 161+160 0.04 1.83+2.12 1.10+2.08 0.02
Prevotella
1.58+1.41 0.63+1.13 0.008 1.40z%2.29 0.97+£1.17 0.97
(f.Paraprevotellacacea)
Campylobacter 0.72+0.76 0.58+1.02 0.04 0.76 £0.79 1.18+1.28 0.53
Capnocytophaga 240+584 0.56+1.5 0.02 0.68 +0.77 0.31+0.99 0.0006*
Treponema 0.24+0.38 0.02+0.06 0.01 0.64 +0.94 0.53+1.07 0.31
Macellibacteroides 064+199 1.36+2.22 0.35 0.45+0.91 2.74 £ 3.37 0.003*
Mycoplasma 0.09+0.16 0.01+0.05 0.02 0.39+0.98 0.10+0.23 0.22
Bergeyella 0.25+0.33 0.07+0.17 0.006 0.29+0.87 0.35+0.90 0.53

Note: * P value is lesser than FDR corrected P value.

At the taxonomic levels of genus and species, 84 genera and 33 species of bacteria were
identified. A comparison of the taxonomic composition of the sputum and oropharynx

microbiome at the genus and species levels (only those genus and species with an average
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abundance of more than 0.1% are presented) for NSCLC patients and controls is presented in
Table 2 and Table 3. The data in Table 2 showed that there were no significant differences in the
relative abundance of the 44 bacterial genera analyzed when the microbiomes from sputum and
oropharyngeal samples from NSCLC patients were compared.

Table 3 Comparison of the occurrence of the main species of bacteria in the sputum
and oropharynx of NSCLC patients and healthy donors.

NSCLC patients Controls
Bacterial species  Sputum, Oropharynx, P Sputum, Oropharynx, P
n=23 n=23 n=20 n=20

Leptotrichia sp.

1.39+143 0.54+1.12 0.006* 1.22+1.34 0.89+1.33 0.48
oral clone GT018

Bergeyella sp.
AF14 0.23+0.72 0.09+0.33 0.002* 0.31+0.88 0.27+0.51 0.34
Bergeyella

0.27+0.32 0.06+0.16 0.001* 0.29+0.87 0.28+0.72 0.53
zoohelcum
Prevotella

Y 0.50+0.84 0.13+0.44 0.01* 0.68+1.29 0.44+0.87 0.48

Tannarae
Rothia
dentocariosa 0.40+0.67 0.46+1.02 0.83 0.32+0.49 0.00 0.002*
ATCC 17931
Filifactor alocis

0.07+0.16 0.30+1.07 0.86 0.33+0.46 0.02+0.1 0.003*
ATCC 35896

Note: * P value is lesser than FDR corrected P value.

Interestingly, the data in Table 2 showed a significant increase in the number of representatives
of the genus Capnocytophaga in the sputum microbiome of healthy subjects when compared to
the microbiome of oropharynx samples (0.68 + 0.77 vs 0.31 + 0.99; P = 0.0006), and a significant
decrease in Macellibacteroides (0.45 + 0.91 vs 2.74 + 3.37; P = 0.003). In addition, the data in Table
3 showed that in the sputum microbiome of healthy subjects, the contents of Rothia dentocariosa
ATCC 17931 (0.32 £ 0.49 vs 0; P = 0.002) and Filifactor alocis ATCC 35896 (0.33 + 0.46 vs 0.02 £ 0.1;
P = 0.003) were increased, as compared to the microbiome of the oropharynx.

Although we did not observe any differences in the sputum and oropharyngeal microbiomes of
patients at the genus level, differences were noted at the species level (Table 3). Leptotrichia sp.
oral clone GT018 (1.39 + 1.43 vs 0.54 + 1.12; P = 0.006); Bergeyella sp. AF14 (0.23 + 0.72 vs 0.09 +
0.33; P = 0.002) and Bergeyella zoohelcum (0.5 + 0.84 vs 0.13 + 0.44; P = 0.01), were all
significantly overrepresented in the sputum microbiome of NSCLC patients as compared to their
oropharyngeal microbiome. In this study, we found no specific association between any bacterial
taxon in the sputum or oropharynx and the age of the NSCLC patients. However, in the sputum of
healthy controls, the representation of Streptococcus (P = 0.04) and Treponema (P = 0.04) was
positively associated with age, while the presence of Campylobacter (P = 0.007) was inversely
correlated with increasing age. While no such associations were found in oropharyngeal samples
from the control donors.
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In addition, the influence of smoking status on the microbiota composition in patients with
NSCLC and control subjects was studied. In the oropharyngeal microbiome of NSCLC patients, we
found no significant difference in the bacterial genera or species between smokers and
nonsmokers. In the sputum of NSCLC smokers, a significant decrease in the representation of
Streptococcus agalactiae (22.66 + 14.14 vs 41.41 + 18.72; P = 0.03) and a significant increase in the
number of Dialister (0.49 + 0.56 vs 0.001 + 0.002; P = 0.01) were found in comparison with
nonsmokers. However, the representation of Porphyromonas (0.87 + 1.15 vs 4.42 + 3.48; P = 0.01),
Streptobacillus (0.9 + 1.43 vs 2.33 + 1.66; P = 0.03) and Bergeyella (0.05 £ 0.15 vs 0.6 + 1.24; P =
0.03) was decreased in the oropharynx of smokers in the control group.

A comparison of the microbiome composition between patients with different
histopathological status, NSCLC stages (I-1l and IlI-IV), as well as between subgroups with different
localization of the primary tumor, revealed no differences.

3.2 Comparison of Microbiome Diversity and Taxonomy in NSCLC Patients and Controls

Next, we compared the microbiota biodiversity in sputum and oropharyngeal samples between
patients and healthy donors. There was no significant difference in alpha diversity indexes in
sputum and oropharynx between NSCLC patients and controls.

Figure 1 shows the difference in abundance of the microflora in oropharyngeal samples of
control and NSCLC patients. However, the Robust Aitchison PCA test results indicated no
significant statistical differences in beta diversity in oropharyngeal samples as well as in sputum
samples from NSCLC patients and controls (Figure 3).

Next, we applied differential abundance testing methods to find the most significant features
that distinguish data from each group. Using the LEfSe method, we detected an increased
abundance of some taxa in oropharyngeal samples from the control group as compared to the
NSCLC patients (Figure 4). In sputum samples, the LEfSe method revealed an increased abundance
of some taxa both in the NSCLC group (green) and in the control group (red) (Figure 5). While
analysis of data from the same sputum samples by the ANCOMBC method did not reveal
significant differences between the NSCLC and control groups. In the oropharynx, there was an
increase in the absolute abundance of Streptococcus agalactiae (beta = 2.1, W = 4.08, SE = 0.5, g-
value = 0.004) and of Prevotella (beta = 1.5, W = 3.58, SE = 0.42, g-value = 0.03) in the NSCLC
group relative to the control.
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Figure 4 Linear discriminant analysis (LDA) of the effect size for particular taxa in the
oropharyngeal samples of the control group. LDA scores >2.0 with p-value <0.05.
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Figure 5 Linear discriminant analysis (LDA) of the effect size for particular taxa in
sputum samples in the NSCLC and Control groups. LDA scores >2.0 with p-value <0.05.

The relative abundance of bacterial types, genera and species in the microbiome of sputum and
oropharynx in NSCLC patient and control groups are presented in Table 4. None of the bacterial
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taxa at the type, genus or species level differed in their relative abundance in the microbiome of
sputum in the NSCLC patient and control groups, since the initially determined P values were not
less than FDR-corrected P values. At the same time, we found significant differences in the
microbiome of the oropharynx in patient and control groups at the level of genera and species.
Specifically, in the microbiome of the oropharynx from NSCLC patients, the abundance of the
genus Rothia was more than two times higher than in the microbiome of the control group (4.98 +
6.33 vs 2.21 + 6.28; P = 0.0008). Another two bacterial genera, Parvimonas and Catonella were
more represented in the microbiome of the control group than in NSCLC patients (Table 4).

Table 4 Comparison of the relative abundance of bacterial taxa in the sputum and

oropharynx of NSCLC patients and healthy controls.

Sputum Oropharynx
. NSCLC NSCLC

Types/Genus/Species ] Controls, P ] Controls, P

patients, n = patients,

>3 n=20 n=23 n=20
Types:
Firmicutes 53.03+13.16 4499+12.2 0.04 43.33+21.22 48.66+17.74 0.66
Bacteroidetes 23.83+11.54 2859+11.34 0.15 16.50+11.18 24.15+14.34 0.04
Actinobacteria 8.15+5.44 6.67 £5.22 0.37 14.47+10.78 7.18+7.57 0.01
Proteobacteria 7.77 £7.60 9.08+£12.08 0.64 7.25+6.68 5.98 £5.30 0.51
Fusobacteria 5.19+5.44 6.98 +3.99 0.03 2.99+3.91 7.70+9.78 0.009
™7 1.57+1.79 1.84+1.59 0.31 1.19+1.90 1.51+2.42 0.62
Spirochaetes 0.26 £ 0.45 0.79+£1.22 0.08 0.03+0.11 0.55+1.17 0.11
SR1 0.08 +0.20 0.87 +2.46 0.09 0 0.20+0.62 0.13
Tenericutes 0.07 £ 0.16 0.34+0.97 0.29 0.01+0.05 0.08 +0.23 0.24
Genus:
Streptococcus 31.65+1796 18.64+990 0.01 21.18+17.22 16.79+16.16 0.31
Rothia 1.89 +1.87 1.84+2.31 0.64 5.02+6.40 2.21+6.28 0.001*
Actinomyces 3.62 1+ 2.66 2.78+2.71 0.79 6.18%+6.67 3.21+£4.97 0.02
Porphyromonas 2.43+2.39 4.18 +£3.52 0.08 1.64+2.67 2.65+3.11 0.009
Granulicatella 1.67 +1.75 1.01+£0.99 0.30 2.10+1.81 0.99+1.41 0.03
Fusobacterium 1.49+1.42 2.37 £2.87 0.31 0.82+1.57 5.78 £9.67 0.03
Haemophilus 0.39+0.90 0.12+£0.35 0.09 0.65+1.83 0.00 0.02
Parvimonas 0.42 +0.86 0.95+1.22 0.03 0.08+0.19 0.78 +1.26 0.01*
Filifactor 0.07 £0.16 0.34+£0.46 0.04 0.02%0.10 0.33+£0.69 0.04
Johnsonella 0.03+£0.12 0.44+£0.72 0.03 0.14%+0.34 0.42 £ 0.68 0.07
Catonella 0.05+0.14 0.14+0.24 0.10 0.03+0.12 0.52 +0.82 0.005
Species:
streptococcus 29.99+18.25 18.80+8.95 0.04 21.32+16.87 16.36+1631 0.24
agalactiae
Granulicatella

2.04+1.60 1.80+1.14 0.76 1.97+1.66 0.99+1.41 0.03
balaenopterae
Rothia terrae 1.50+1.82 1.57+2.44 0.79 4.51+6.50 0.87+2.10 0.002*
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Rothia dentocariosa

040+067 032+049 090 046+1.02  0.00 0.008*
ATCC 17931
Porph

orphyromonas 018+035 065+074 002 0.10+036 154+284  0.002*
endodontalis

Oribacterium Sinus 0.12+0.34 0.38 £0.56 0.04 0.05+0.17 0.18 £0.58 0.88
Prevotella nigrescens  0.15 £ 0.29 0.67 £1.50 0.07 0.01£0.06 0.77 £2.50 0.02
Prevotella oris F0302  0.29 £ 0.49 1.15+1.68 0.07 0.14+0.48 2.56£8.61 0.02

Note: * P value is lesser than FDR corrected P value.

In the oropharyngeal microbiome of NSCLC patients, an increase at the species level was noted
in the abundance of Rothia representatives: Rothia terrae (4.51 + 6.5 vs 0.87 + 2.1; P = 0.002) and
Rothia dentocariosa ATCC 17931 (0.46 + 1.02 vs 0; P = 0.01). On the contrary, another bacterial
species, Porphyromonas endodontalis was more represented in the microbiome of the oropharynx
from healthy donors than in the microbiome of NSCLC patients (1.54 + 2.84 vs 0.1 + 0.36; P =
0.002).

Moreover, conditional logistic regression models adjusted for age, smoking status, alcohol
consumption status, and living environment, and the phyla (Rothia, Rothia terrae, Rothia
dentocariosa, Porphyromonas endodontalis) were constructed. In these models, age (OR, 1.17 [95%
Cl, 1.05 to 1.35], P = 0.011), and presence of Porphyromonas endodontalis (0.107 [0.011-0.55], P =
0.021) were more strongly associated with NSCLC as compared to healthy subjects.

4. Discussion

In the current study, 16S rRNA sequencing was used to assess and compare the composition
and diversity of sputum and oropharyngeal microbiota associated with NSCLC and a healthy
control group in a Russian population from Western Siberia. To the best of our knowledge, this
report is the first to use 16S rRNA approaches to profile and compare the microflora composition
in oropharyngeal swabs and sputum samples and to determine microbiota characteristics and
biomarkers for the early diagnosis of NSCLC.

Previous studies have revealed topographical differences in the composition of the bacterial
microbiome in different parts of the human respiratory tract [23, 24]. While the microbiome of
sputum and saliva in LC has been the subject of several previous studies [6, 10, 25-29], no such
study has been performed on oropharyngeal samples. According to our results, the overall
taxonomic composition of the oropharyngeal microbiome was similar to the composition of the
sputum microbiome. However, in NSCLC patients, alpha diversity was decreased in the oropharynx
compared to the sputum microbiome, as indicated by the Kruskal-Wallis test. And this was evident
in NSCLC patients only and not in healthy subjects. The PERMANQOVA test (Adonis), which uses a
matrix of differences constructed according to the Jacquard method also showed a significant
difference in prokaryotic communities (beta diversity) in the sputum and oropharynx of both
patients and controls at the different phylogenetic levels.

At the phylogenetic levels of type and genus, no statistically significant differences were found
between the oropharynx and sputum of NSCLC samples (Table 2). In the oropharynx and the
sputum of healthy donors, the relative abundance of most bacterial genera also represented no
significant differences. The exceptions were representatives of Capnocytophaga, which were
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significantly lower in the oropharynx than in the sputum, as well as Macellibacteroides, which, on
the contrary, were higher in the oropharynx than in the sputum of controls.

Capnocytophaga is a genus of Gram-negative bacteria and is part of the oral commensal flora
of immunocompetent patients [30]. Thus, its predominance in the sputum microbiome of healthy
individuals in this study may reflect a satisfactory form of their immune system.
Macellibacteroides is a genus from the family of Porphyromonadaceae. The significant decrease of
Macellibacteroides in the sputum microbiome of healthy subjects in this study may indicate a lack
of available iron in the sputum, which may appear during an acute immune response. Thus, this
further indicates the steady state of the immune system in healthy individuals in this study.

Significant differences in the relative abundance of bacteria were observed only in the sputum
samples from NSCLC patients, and only for rare bacteria such as Leptotrichia sp. oral clone GT018,
Bergeyella sp. AF14, Bergeyella zoohelcum, Prevotella Tannarae and others (Table 3). The
similarity in the taxonomic composition of the sputum and oropharyngeal microbiome is not
surprising, given the proximity of the origin of these samples in the respiratory tract. The
composition of the microbiota tends to show greater homogeneity even in more distant parts of
the respiratory tract, as, for example, by BALF and saliva samples from LC patients [14].
Nevertheless, there were certain differences between these samples, including statistically
significant ones.

Comparison of the taxonomic composition of bacteria from sputum and oropharyngeal samples
between NSCLC patients and healthy controls was the next main objective of our study. There was
no significant difference in alpha diversity indexes between NSCLC According to the journal layout
rule, references should be numbered in numerical order. Please kindly edit the number and
reference list. patients and controls in the sputum and oropharynx, as shown by Robust Aitchison
analysis. In this respect, our current results are inconsistent with previous findings that loss of
bacterial diversity is common in LC [9].

At the bacterial taxa level, there was a tendency for an increase in Firmicutes in the sputum of
patients compared to controls, but the difference was not statistically significant when FDR
adjustment was applied. In the oropharynx of patients, there were other tendencies for
differences in the content of bacterial types between patients and controls (Table 4). In particular,
the samples from the oropharynx of NSCLC patients contained more representatives of
Actinobacteria and less of representatives of Bacteroidetes, but all these differences were also
insignificant considering the FDR correction.

The Streptococcus genus has been shown to be a shared indicator of LC, as demonstrated in
saliva samples, bronchial biopsy specimens, bronchoalveolar lavages [31, 32] and sputum [6, 10,
25, 28]. In the current study, we also observed an increased abundance of Streptococcus in
sputum samples from patients compared to controls, however, this increase was not statistically
significant when adjusted for FDR correction. This may be because the relatively small sample size
used for the comparisons in this study (n = 23 for NSCLC patients and n = 20 for controls) affected
the statistical power. Therefore, to assess the significance of increased Streptococcus in the
sputum of NSCLC patients, we believe it is necessary to use a larger set of samples, as in our
previous study [16].

Nevertheless, the relatively small set of samples available in the current study was sufficient to
detect a statistically significant increase in the representation of the genus Rothia and specifically
the species Rothia terrae and Rothia dentocariosa when the oropharyngeal samples from patients
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were compared to controls. In general, we found that the genus Rothia was more abundant in the
oropharynx than in the sputum (Table 3), while the content of Rothia in the sputum of NSCLC
patients and controls was practically the same. In addition to the significant enrichment of Rothia
in the oropharynx samples from NSCLC patients, there was a significant decrease in
representatives of the genera Parvimonas and Catonella, as well as in the species Porphyromonas
endodontalis. Rothia is a gram-positive, aerobic, rod-shaped bacterial genus from the family of
Micrococcaceae. The genus Rothia predominates in saliva and can be detected in the
oropharyngeal flora as well. Rothia is a conditionally pathogenic opportunistic pulmonary agent.
Rothia bacteria can cause disease in healthy and immunosuppressed subjects [33]. An increased
relative abundance of the genus Rothia was previously found in the sputum of patients with the
chronic obstructive pulmonary disease [34, 35] and cystic fibrosis [36]. Increased representation of
Rothia and Actinomyces in saliva samples from both lung adenocarcinoma and lung squamous cell
carcinoma patients has been described previously. And Rothia also showed a significant difference
between a lung adenocarcinoma group and a healthy control group (4.77% vs 2.06%, P = 0.04) [14].
Bacteria in the genus Rothia produce enterobactin, a potent siderophore, a secreted iron-binding
bacterial compound [37].

Porphyromonas endodontalis is known to actively transport free iron. It is an obligate anaerobic
rod-shaped bacterium implicated as a major pathogen in endodontic infections [38].

The significantly altered representation of Porphyromonas endodontalis and Rothia in patient
samples may indicate a role of iron metabolism in the pathogenesis of LC. It is known that LC cells
are tolerant to high concentrations of Fe(ll) ions [39].

In our study, the overrepresentation of Rothia in the oropharynx of NSCLC patients and
Porphyromonas endodontalis in the sputum of healthy participants indicated that these niches
offer favorable conditions for these bacteria, quite possibly due to excess iron in the oropharynx
of patients with NSCLC (due to massive cell death there) and a lack of free iron in their saliva. Thus,
the study of the taxonomic composition of the microbiome may play an important role in
understanding the mechanisms of tumor-associated iron metabolism, which in the long term may
contribute to more effective treatments for LC.

In our study, the content of Actinomyces in the oropharynx of patients was also higher than in
control samples (6.18 + 6.67 vs 3.21 + 4.97; P = 0.02), however, these differences were not
significant after taking into account the FDR correction. S. Bello et al. recently observed the
relative abundance of Rothia (among other bacterial genera such as Streptococcus, Gemella and
Lactobacillus) in the saliva of patients with central LC [30], but to date, Rothia has not been
discussed as a biomarker for this type of cancer.

5. Conclusions

The object of this study was to better understand the microbial communities in sputum and
oropharyngeal samples from healthy controls and NSCLC patients and to identify lung-specific taxa
associated with cancer or specific to these sites. Despite the generally observed similarity
taxonomic composition of the oropharyngeal microbiome and sputum, there were undoubtedly
common and/or species differences between these two sample sites in the healthy controls and
the NSCLC group. In general, microbiota biodiversity was found to be higher in sputum samples
compared to the oropharynx. Our results indicated that individual bacterial taxa in the oropharynx
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could be associated with NSCLC, but their unequivocal identification and association with NSCLC
must await further studies using a larger cohort. Specifically, differences in the relative percentage
of members of the genus Rothia identified in oropharyngeal samples from NSCLC patients
compared to controls using the Mann-Whitney U-test were not consistent with the results of LDA
using LefSe. Nevertheless, we believe that further research in this direction, provided a significant
increase in the number of samples, as well as the use of quantitative PCR, will advance the search
for NSCLC metagenomic biomarkers.
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