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Background: Lung microbiome dysbiosis has been associated with lung carcinogenesis. However, the
differences in the microbiome composition at different lung sites of lung cancer patients remain little
understood. Studying the whole lung microbiome in cancer patients could provide new insights for
interpreting the complex interplay between the microbiome and lung cancer and finding new targets for
more effective therapies and preventive measures.

Methods: A total of 16 patients with non-small cell lung cancer (NSCLC) were recruited for this study.
Samples were obtained from four sites, including lung tumor tissues (T'T), para-tumor tissues (PT), distal
normal lung tissues (DN), and bronchial tissues (BT). The DNA was isolated from the tissues, and the V3-
V4 regions were amplified. Sequencing libraries were generated and sequenced on an Illumina NovaSeq6000
platform.

Results: The richness and evenness of the microbiome were generally consistent among the T'T,
PT, DN, and BT groups in lung cancer patients. Principal coordinate analysis (PCoA) and nonmetric
multidimensional scaling (NMDS) based on Bray-Curtis, weighted and unweighted UniFrac distance
showed no distinct separation trend among the four groups. Proteobacteria, Firmicutes, Bacteroidota, and
Desulfobacterota were the most common phyla in all four groups, while T'T showed the highest abundance
of Proteobacteria and the lowest abundance of Firmicutes. At the genus level, Rubellimicrobium and
Fictibacillus were higher in the TT group. In the predicted functional analysis by PICRUSt, there were no

specifically discrepant pathways among the four groups. In addition, an inverse relationship between body
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mass index (BMI) and alpha diversity was observed in this study.

Conclusions: A non-significant result was obtained from the microbiome diversity comparison between

different tissues. However, we demonstrated that lung tumors were enriched with specific bacterial species,

which might contribute to tumorigenesis. Moreover, we found an inverse relationship between BMI and

alpha diversity in these tissues, providing a new clue for deciphering the mechanisms of lung carcinogenesis.
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Introduction

Many parts of the human body, including the
gastrointestinal tract, skin, mouth, lungs, and reproductive
tract, are colonized by diverse microbial communities
(microbiome) whose importance to human health is
increasingly recognized. Many studies have revealed that
specific patterns of human microbiome are correlated
with various diseases, including autoimmune diseases,
diabetes, obesity, and even mental illness (1,2). The
association between cancer and microbes has also attracted
broad interest in recent years (3,4). The International
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* The current study revealed that, compared to other lower
respiratory tract tissues, lung tumors exhibited a higher abundance
of specific bacterial species, while the alpha diversity of these
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What is known and what is new?

® Previous studies have suggested an association between lung
microbiome dysbiosis and lung carcinogenesis, primarily through
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in four different sites in lower respiratory tract of lung cancer
patients. Although the difference in microbiome diversity among
different tissues was insignificant, lung tumors were enriched with
particular bacterial species. Additionally, we observed an inverse
relationship between BMI and alpha diversity.

What is the implication, and what should change now?

® The enriched bacterial species in lung tumors may contribute to
tumorigenesis. The inverse relationship between BMI and alpha
diversity provides a novel clue for deciphering the mechanisms of

lung cancer.
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Association for Cancer Registries (IACR) has nominated
11 out of the approximately 1,012 types of globally known
organisms as human carcinogens or “tumor microbes” (5).
The epidemiology, molecular mechanisms, and clinical
implications of these tumor microorganisms, estimated to
cause 2.2 million tumor patients each year (approximately
13% of cancer cases worldwide), have been extensively
studied.

Lung cancer is the most common cancer diagnosed
worldwide and is the leading cause of mortality among
all cancer types. Despite significant advances in targeted
drugs and immunotherapy in recent years, the prognosis of
lung cancer patients remains poor. Epidemiological studies
have shown that repeated use of antibiotics increases the
risk of lung cancer (6). However, the relationship between
the microbiome in lower respiratory tract and lung cancer
development remains to be elucidated.

Many studies have shown an association between
specific bacteria to colorectal carcinogenesis. Fusobacterium
nucleatum, a bacterium commonly present in the guts of
patients with inflammatory bowel disease, has also been
identified as a risk factor for colon cancer (7). Bacteroides
fragilis has been reported to initiate colon cancer by
secreting endotoxins that damage DNA (8). With the
development of high-throughput sequencing of 16S
rRNA and metagenomics, which enable us to inspect the
microbiome at higher resolution and broader spectrum,
the healthy lung, including the lower airways, has been
recognized as a place for bacterial symbiosis (9). The
microbiome characteristics of lung tissue are distinct
from those of the lower gastrointestinal tract (10). The
microbiome colonized in the host lung would be altered in
different respiratory diseases, which have been described in
both human and model systems (11,12).

The direct influence of lung microbiome dysbiosis on
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lung cancer occurrence has also been hotly investigated (13).
A Study has documented the existence of Staphylococcus spp.,
Bacillus spp., Haemophilus influenza, and Candida albicans
in lung cancer patients (14). The microbial composition
of the lower respiratory tract of lung cancer patients
is significantly different from that of the non-cancer
control group, which has been shown to be related to the
upregulation of the ERK and PI3K signaling pathways (15).
According to Lee et al., two phyla (Firmictutes and TM7)
and two genera (Veillonelln and Megasphaera) are abundant
in bronchoalveolar lavage fluid (BALF) in lung cancer
patients (16). Two bacterial biomarkers, Capnocytophaga
and Veillonella, have shown good efficacy in predicting
squamous cell carcinoma (SCC) and adenocarcinoma
(AC), which can facilitate lung cancer screening (17). In
the KP (Kras-LSL-G12Dj; P53-flox/flox) lung cancer
model, Veillonella parvula has been shown to mediate lower
respiratory tract microbiome imbalance, reduce survival
rate, increase tumor load, and cause activation of interleukin
(IL)-17, PI3K, MAPK, and ERK signaling pathways and
inhibitory checkpoint markers (18). By single-cell RNA
sequencing, a recent study revealed that microbiome is
highly concentrated in immune and epithelial cells that
promote cancer progression, with transcriptional changes
in pathways involved in inflammation, metastasis, and DNA
repair (19). These signaling pathways are critical in the
development and progression of cancer, thus indicating
potential mechanisms of the microbiome cancer occurrence.

The present study compared the microbiome in cancer
tissues, matched para-cancerous tissues, matched normal
tissues, and matched bronchial tissues (BT) from early lung
cancer patients. We included the para-cancerous tissues
because they may exhibit a transitional state between
cancer and normal tissues (20), including in the microbial
community (21), potentially reflecting the underlying
processes of carcinogenesis. The results herein may provide
novel insights for understanding the role of the microbiome
in lung cancer development. We present this article in
accordance with the MDAR reporting checklist (available at
https://tler.amegroups.com/article/view/10.21037/tlcr-23-
231/rc).

Methods
Patients and sample collection

In this study, 16 patients with non-small cell lung cancer
(NSCLC) were recruited at the Cancer Hospital Chinese
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Academy of Medical Science between July 2021 and July
2022. Due to difficulties in clinical sampling, the final
sample size of this study was restricted to 16 patients. The
selection criteria were as follows: (I) patients should not
have taken antibiotics for three months before the surgery;
and (II) patients had no prior exposure to chemotherapy,
radiation therapy, nor any other treatments for lung cancer
prior to the surgery. Lung tissues were obtained from four
sites, including lung tumor tissues (TT), matched para-
tumor tissues (PT), matched distal normal lung tissue (DN),
and matched BT in accordance with aseptic procedures to
minimize oral and environmental contamination. The fresh
tissues at each sampling site were immediately flash-frozen
in liquid nitrogen and subsequently stored at -80 °C. The
clinical data of all participants, including gender, age, body
mass index (BMI), smoking history, pathology type, and
tumor staging, were collated.

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by the ethics committee of the National Cancer
Center/Cancer Hospital, Chinese Academy of Medical
Science and Peking Union Medical College, Beijing, China
(approval No. 21/404-3075). All patients provided consent
before participation.

Genome DNA extraction and 16S rRNA gene amplicon

sequencing

Total genomic DNA was isolated using the TianGen
kit following the instructions of the manufacturer. The
concentration and purity of the DNA were evaluated using
Qubit® dsDNA Assay Kit in Qubit® 3.0 Fluorometer
(Life Technologies, CA, USA) and NanoPhotometer®
spectrophotometer (IMPLEN, CA, USA) with 1.5%
agarose gels. To amplify the V3-V4 regions of the 16S
rRNA, the isolated DNA of tissues was diluted to a
concentration of 1 ng/pL using sterile water. Specific
primers containing the barcodes and Phusion® High-
Fidelity PCR Master Mix (New England Biolabs) were used
for amplification of the V3-V4 regions. PCR products were
then subjected to electrophoresis on 2% agarose gels, and
samples displaying distinct bands between 400-450 bp were
selected. These selected samples were purified using the
Qiagen Gel Extraction Kit (Qiagen, Germany). According
to the manufacturer’s suggestions, sequencing libraries
were constructed using the NEBNext® UltraTM IT DNA
Library Prep Kit (Illumina, USA), and an 8-bp index was
incorporated. The quality of the library was evaluated on
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Table 1 Characteristics of the study population

Variables Patients with lung cancer (N=16)
Age (years, median) 57.5 [32-65]°
Gender

Male 2 (12.5)

Female 14 (87.5)

BMI (kg/m’, median) 23.57 [18.31-27.34]

Smoking status

Non-smoker 15 (93.8)

Smoker 1(6.2)
Histology

LUAD (AIS) 11 (68.8)

MIA 4 (25.0)

mCRC_LU 1(6.3)
Tumor stage

I 14 (87.5)

I 16.3)

I 1(6.3)

#, for continuous variables, the numbers in parentheses are the
minimum and maximum values; °, for counting variables, the
number in each parenthesis presents the percentage of the
corresponding category. BMI, body mass index; LUAD, lung
adenocarcinoma; AlS, adenocarcinoma in situ; MIA, minimally
invasive adenocarcinoma; mCRC_LU, lung metastasis of
colorectal cancer.

the Qubit® 3.0 Fluorometer and Agilent Bioanalyzer 2100
system. Finally, the libraries were sequenced on an Illumina
NovaSeq6000 platform, generating 250 bp paired-end
reads. To avoid any potential bias effects, the technicians
who conducted these experiments were blinded to the
sample information. Due to the limited accessibility of
the samples, we performed amplicon sequencing on each
specimen only once and did not perform technical nor
biological replicates.

Data analysis

Sequence reads were demultiplexed, and then the paired-
end sequences were merged using FLASH software. Joined
sequence reads were aligned to the 16S rRNA sequence
database [Silva database db128 (20)] and clustered into
Operational Taxonomic Units (OTU) with a sequence
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similarity threshold of 97%. The taxonomic analysis was
performed using the RDP Classifier algorithm using
QIIME2 (21) pipeline software (2019.7). Alpha diversity
metrics, including Chaol, Shannon, Simpson, and Richness
index, were calculated. Beta diversity was measured by
principal coordinate analysis (PCoA) and nonmetric
multidimensional scaling (NMDS), based on Bray-Curtis,
weighted, and unweighted UniFrac distance. Homogeneity
of molecular variance (HOMOVA) and analysis of
molecular variance (AMOVA) were utilized to access the
diversity differences between groups. Significantly enriched
microbiome was determined through linear discriminant
analysis (LDA) using LEfSe software with an LDA score
threshold of 2. Phylogenetic Investigation of Communities
by Reconstruction of Unobserved States (PICRUSt2
Version 2.2.0-b) software (22) was applied to predict the
potential functions of the microbial community. PICRUSt
works as follows: (I) the 16S sequence in the OTU table is
normalized by the 16S copy number of the corresponding
species, (II) the normalized sequence abundance is
multiplied by the sequence annotation number table of each
metabolic pathway to obtain the predicted abundance of the
metabolic pathway.

Statistical analysis

All statistical analyses were performed using R software
(Version 4.2.2). Differential analysis among multiple groups
was compared using the Kruskal-Wallis rank sum test, and
the P value was adjusted using the Benjamini-Hochberg
method. The relationships between microbiome and
clinical characteristics were evaluated using the Spearman
correlation test or Chi-squared test. Statistical significance
was determined by a two-sided P value of less than 0.05.

Results
Characteristics of the study participants

A total of 63 samples, including the lung T'T, matched PT,
matched distal normal lung tissues (DN), and matched
BT, were collected from 16 patients. The BT from one
patient was unavailable due to the surgical procedure. Table 1
describes the characteristics of the study population. The
median age of the participants was 57.5 years, with females
(87.5%) making up the majority. Most of the participants
were non-smokers (93.8%). Four patients (25%) were
diagnosed with minimally invasive adenocarcinoma (MIA);
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Figure 1 Correlation between BMI and alpha diversity. The alpha diversity was indicated by Chao, ACE, Shannon, and Simpson. The
figures illustrate the respective relationships in tissues of TT (A), PT (B), DN (C), and BT (D). BMI, body mass index; T'T, lung tumor

tissues; PT; para-tumor tissues; DN, distal normal lung tissues; BT, bronchial tissues.

1 patient (6.3%) was diagnosed with lung metastasis of
colorectal cancer; and all other patients (68.8%) were
diagnosed with lung adenocarcinoma iz situ (AIS). A total of
14 patients (87.5%) were diagnosed with stages IA and IB,
and the other 2 (12.5%) patients had more advanced cancer
stages (IIB, IIIA).

The correlation between clinical characteristics and alpha
diversity in different lung tissues of lung cancer patients

The correlation between the clinical characteristics and the
alpha diversity of the samples at each site was examined.
The Wilcox rank-rum test was performed to compare

© Translational Lung Cancer Research. All rights reserved.

categorical variables, and the Spearman correlation test
was used for continuous variables. The results showed
an inverse correlation between BMI and alpha diversity
(as indicated by Chaol, ACE, Shannon, and Simpson) in
TT (Figure 14), PT (Figure 1B), DN (Figure 1C), and BT
(Figure 1D). This relationship was significant in TT tissues,
as indicated by the Shannon index (R’=0.24, P=0.030), and
in BT tissues, as shown by the Simpson index (R’=0.38,
P=0.009) and the Shannon index (R’=0.39, P=0.008). No
significant correlation was found between age and alpha
diversity, and no significant difference in alpha diversity was
observed between LUAD (AIS) and MIA. However, due to

the small sample sizes in certain categories (such as male,
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Figure 2 Comparison of alpha and beta diversity of the four tissue sites in lung cancer patients. (A) Alpha diversity indicated by Chaol,
Richness, Shannon, and Simpson index was compared among four tissue sites. The P values were derived from Wilcoxon rank sum test; (B)
Beta diversity, which was used to estimate the difference in microbiome composition between groups, was visualized by PCoA and NMDS

and estimated based on Bray-Curtis distance. T'T, lung tumor tissues; PT, para-tumor tissues; DN, distal normal lung tissues; BT, bronchial

tissues; PCoA, principal coordinate analysis; NMDS, nonmetric multidimensional scaling.

smoker, mCRC_LU, tumor stage II, and tumor stage III),
comparing the alpha diversity of these groups is not
statistically meaningful.

Alpba and beta diversity among different lung tissues of

lung cancer patients

The richness and evenness of the microbiome were
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generally consistent among the TT, PT, DN, and BT
groups in the lung cancer patients as estimated by Chaol
(K-W, P=0.415), richness (K-W, P=0.445), Shannon (K-W,
P=0.981), and Simpson (K-W, P=0.887). The differences
among T'T, PT, DN, and BT were not statistically
significant, as shown by the HOMOVA (P=0.778) and
AMOVA algorithms (P=0.991) (Figure 2A4). In addition,
PCoA and NMDS based on Bray-Curtis, weighted and
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unweighted UniFrac distance, showed no distinct separation
trend among the four groups (Figure 2B, Figure S1).

Taxonomic profiles of the microbiome composition

Classification and analyses were performed on the phylum
and genus levels of the most abundant microbiome in
the four lung tissue sites. The phylum taxonomic profile
showed that Proteobacteria, Firmicutes, Bacteroidota, and
Desulfobacterota were the most common among the four

© Translational Lung Cancer Research. All rights reserved.

tissue groups. BT tissues showed the highest abundance
of Firmicutes and the lowest abundance of Proteobacteria,
while TT tissues showed the highest abundance of
Proteobacteria and lowest abundance of Firmicutes
(Figure 34). At the genus level, Pseudomonas, Desulfovibrio,
Limosilactobacillus, and Lactobacillus were the core genera
in the study samples (Figure 3B). LDA indicated that
Qipengyuania, Barnesiellaceae, and Bdellovibrio were enriched
in the BT tissues; Rubellimicrobium and Fictibacillus were
higher in the T'T tissues; Lysobacter and Acidobacteriae were
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increased in the DN tissues; and Delftia, Aureimonas, and
Peptoniphilus were abundant in the PT tissues (Figure 3C).

Predicted functional profiles of the microbiome

The functional analysis evaluated by PICRUSt indicated
that biosynthesis of ansamycins and synthesis and
degradation of ketone bodies were abundant among
samples. The Kruskal-Wallis rank sum test was applied to
identify the significantly imbalanced Kyoto Encyclopedia of
Genes and Genomes (KEGG) metabolic pathways among
TT, PT, DN, and BT tissues in lung cancer patients. There
were no specifically discrepant pathways among the four
tissue groups. No imbalanced microbiome was found in the
three groups compared to T'T tissues (Figure 4).

Discussion

This study investigated the microbiome composition of
lung tissues from different sites of lung cancer patients and
analyzed their associations with clinical characteristics.
From the taxonomic profiles, we demonstrated that specific
species at both the phylum and genus levels were enriched
at particular lung sites of lung cancer patients. There was
an inverse relationship between BMI and alpha diversity.
However, there were no differences in the alpha diversity

© Translational Lung Cancer Research. All rights reserved.

among different tissues, and no distinct biological pathways
were found.

Our findings were consistent with previous studies
documenting Firmicutes, Proteobacteria, and Bacteroidetes
as the most common microbiotic phyla in the lungs (23).
The results herein revealed that cancer tissues had a higher
abundance of Proteobacteria and a lower abundance of
Firmicutes, which is consistent with previous studies (24,25).
A large study that collected lung tissues from 143 lung
cancer patients and 33 controls showed that the abundance
of Proteobacteria is higher and that of Firmicutes is lower
in cancer tissues compared with non-cancer control lung
tissues (24). When compared to the lung tissues of lung
emphysema patients, lung tumors showed enrichment of
Proteobacteria and a decreased richness of Firmicutes (25).
Moreover, the literature has also reported a link between
Proteobacteria and a poorer response to immunotherapy
and a lower programmed death-1 (PD-1) expression in lung
cancer patients (26).

Previous studies have documented an association
between lung cancer and several bacterial genera, including
Granulicatella, Abiotrophia, Streptococcus, Veillonella,
Megasphaera, and Selenomonas (16,27-29). Differences in
microbiome diversity between lung tumors and matched
non-malignant specimens have also been reported;
however, these results were inconsistent between different
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studies (24,30,31). Specific microbiome compositions
have also been related to cancer recurrence and patient
survival (30,32). The present study found an enrichment of
Rubellimicrobium and Fictibacillus in cancerous lung tissues.
While Rubellimicrobium has been previously documented
to increase in lung cancer tissue (33), a lower level of
Fictibacillus in esophageal T'T as compared to nontumor
tissues has been reported (34). Thus, the link between these
two bacterial species and cancer development requires
further investigation.

Many studies have demonstrated an association between
low alpha diversity of the gut microbiome and increased
BMI (35-37), although inconsistent results have also
been reported (38). To our knowledge, the present study
is the first to report a relationship between BMI and the
alpha diversity of the lung microbiome. The underlying
mechanism for the negative correlation between BMI and
microbiome diversity remains unknown, while high BMI and
low microbiome diversity are both risk factors for lung cancer
(39,40). Besides BMI, microbiome diversity has also been
associated with cancer stages, tobacco smoking, and other air
pollutants, all of which are risk factors for lung cancer (14).

Lower microbiome diversity has been identified as a risk
factor for respiratory disease (41), including lung cancer (29).
Another study compared the difference in alpha diversity
in lung tumor and non-malignant lung tissue samples
and found a lower alpha diversity in tumor samples (14).
In contrast, our study did not observe any difference in
diversity among different sites of lung cancer patients. This
non-significant result might be due to the limited number
of samples recruited in this study.

Our analysis using PICURSt has identified several
functional pathways that the bacterial population may be
involved in. While the top 10 most enriched pathways
have been identified, the proportion of these pathways was
found to be very small. The top pathway was related to
the biosynthesis of ansamycin, which belongs to the higher
pathway class of “Metabolism of terpenoids and polyketides”.
Previous studies have shown that patients with NSCLC have
a lower level of biosynthesis of ansamycin (42), and tumor
microbiomes have reduced activity in the metabolism of
terpenoids and polyketides compared to normal tissues (43).
However, in the current study, the differences between
groups were not found to be significant. Therefore, further
validation of the role of biosynthesis of ansamycin in larger
sample sets is warranted to gain a better understanding of
its potential role in lung cancer.

Previous studies have shown that microbiomes play
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specific roles under different conditions (44-46). In
the case of the healthy lung, it has been confirmed that
diverse communities of bacteria play an important role
in maintaining an immune-tolerant environment and
preserving lung homeostasis (44). However, exposure to
certain taxa such as Streptococcus and Veillonells has been
shown to initiate lung cancer development by inducing
the ERK/PI3K pathway in airway epithelial cells, which is
recognized as an early event in lung carcinogenesis (45).
Additionally, an animal study suggested that the microbiome
isolated from advanced mouse lung tumors could promote
tumorigenesis (46). Certain microbial characteristics
have been associated with poor prognosis in lung cancer
patients. For example, a higher diversity, lower abundance
of Koribacteraceae, and greater abundance of Bacteroidaceae,
Lachnospiraceae, and Ruminococcaceae were associated with
reduced RFS and DFS (30). In late-stage lung cancer
patients (IIIB, IV), the genus Thermus was found to be
higher, while Legionella was more abundant in metastatic
patients (14). In the current study, we only recruited early-
stage lung cancer patients because surgery is the primary
treatment for these patients, making the tissues of different
sites more accessible for investigation. The results of this
study could facilitate early detection and provide new clues
in deciphering the mechanism of carcinogenesis.

The present study has strengths and limitations. We
collected matched lung tissues from four different sites of
lung cancer patients, which facilitated the direct examination
of the tumor microbial environment and compared them
between malignant and non-malignant tissues. However,
the number of patients recruited in this study was limited,
which might be the reason for the insignificant difference in
microbiome diversity and function between different tissue
sites.

Conclusions

Although the microbiome diversity among different tissues
showed no significant difference, we found that specific
lung sites in lung cancer patients were enriched with
particular species, which might contribute to tumorigenesis.
Moreover, we detected an inverse relationship between BMI
and alpha diversity among these tissues, providing a novel
clue for deciphering the mechanisms of lung carcinogenesis.
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Figure S1 Beta diversity, which was used to estimate the difference in microbiome composition between groups, was visualized by PCoA
and NMDS and estimated based on weighted and unweighted UniFrac distance. T'T, lung tumor tissues; PT, para-tumor tissues; DN, distal

normal lung tissues; BT, bronchial tissues; PCoA, principal coordinate analysis; NMDS, nonmetric multidimensional scaling.
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