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Distinct respiratory microbiota
associates with lung cancer
clinicopathological characteristics
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Introduction: Commensal microbiota dysbiosis is associated with the

development of lung cancer. The current studies about composition of

respiratory microbiota in lung cancer patients yielded inconsistent results. This

study aimed to examine the association between airway microbiota and lung

cancer clinicopathological characteristics.

Methods: Surgically removed lesion tissues from 75 non-small cell lung cancer

patients and 7 patients with benign pulmonary diseases were analyzed by 16S rRNA

sequencing. Taxonomy, relative abundance, and diversity of respiratory microbiota

were compared among lung cancer of different pathology and TNM stages. The

effects of antibiotic and cigarette exposure on respiratory microbiota in lung

cancer patients were also evaluated.

Results: Bacterial relative abundance and alpha- and beta-diversity analysis of lung

microbiota showed significant differences among lung cancer of different

pathology and benign pulmonary diseases. At the genus level, the abundance

differences of 13 taxa between lung squamous cell carcinoma and lung

adenocarcinoma, 63 taxa between lung squamous cell carcinoma and benign

pulmonary diseases, and 4 taxa between lung adenocarcinoma and benign

pulmonary diseases reached statistical significance. In contrast, diversity

differences were not as significant across lung cancer of different stages. No

significant differences were observed in tissue taxonomic abundances and diversity

at all taxonomic levels between lung cancer patients with and without antibiotic

exposure 3 months prior to surgery. For lung adenocarcinoma, respiratory

bacterial abundance and diversity at all taxonomic levels did not show significant

differences between smokers and non-smokers.

Conclusions: Our results confirm significantly differential respiratory microbiome

taxa, abundance, and diversity in lung cancer of different pathology and some

stages. Short-term antibiotic application might play a minor role in molding airway

microbiota in lung cancer patients. Composition and diversity of respiratory

microbiota in lung adenocarcinoma are not affected by cigarette exposure.
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GRAPHICAL ABSTRACT
1 Introduction
Lung cancer remains the cardinal cause of cancer-related deaths

worldwide (1). Main treatment options for lung cancer include

surgery, radiotherapy, chemotherapy, driver gene-targeted therapy,

and the newly emerged immunotherapy. Patients with early-stage

lung cancer usually have satisfactory prognosis after treatments, but

most patients have advanced diseases at their first diagnosis and

missed the opportunity for curative treatments. The overall 5-year

survival rate of lung cancer is still less than 20% (2).

Microbiota refers to all microorganisms that exist in human body

sites such as skin, the digestive tract, urogenital tract, and airway.

Approximately 10–100 trillion microorganisms live in the human

body, and the number of their cells and genes are far more than that of

human hosts themselves (3). Microbiota participate in various

physiological processes including digestion, metabolism, immune

system maturation, defense of pathogens invasion, and the

differentiation and gene expression of mucosal epithelium (4).

Dysbiosis in the current study refers broadly to disruption of

microbial homeostasis with compositional or functional deviation

from microbiota seen in healthy people without lung disease (5). As a

part of tumor stroma, dysbiosis of commensal microbiota is

associated with development of various malignant tumors and

about 13% of cancer cases were driven by microbial pathogen. (6).

The luminal microorganisms may affect cancer progression by

changing the permeability of the mucosal barrier, activating

inflammatory pathways, producing bacterial toxins that impair host

genome stability, releasing cancer-promoting metabolites, and

modulating local immune microenvironment (7).
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As the widest mucosa-coated tissue in the human body, the

respiratory tract is continuously exposed to the oropharynx,

microorganisms in the air, and other damaging factors. The

traditional theory based on bacterial culture techniques deems a

healthy respiratory tract as sterile. However, high-throughput

sequencing of the airway specimens indicates that the respiratory

tract has a low biomass and diverse microbiota (8). Compared with

gut microbiota, the airway microbiota has distinct microbial

structures and microenvironment (8–10). The disturbance of airway

microbiota is involved in the pathogenesis of various respiratory

diseases including pneumonia, asthma, cystic fibrosis, chronic

obstructive pulmonary diseases, and bronchiectasis (11). Recent

studies also indicated that the initiation and progression of lung

cancer were related to respiratory microbiota (7, 12, 13). Although

dysbiosis of gut microbiota is observed in lung cancer patients, the

local bacterial burden of the respiratory tract, rather than the gut, is

correlated with the progression of lung tumors (13, 14).

Our group previously demonstrated that, compared with benign

pulmonary diseases and healthy controls, dysbiosis of respiratory

microbiota was observed in lung cancer patients. Certain bacterial

taxa might be used as potential biomarkers for lung cancer (10).

Here, we extend our work to lung cancer patients with different

staging and pathology to examine the association of airway

microbiota with clinical characteristics of lung cancer. We

hypothesized the presence of distinct airway microbiota among

lung cancer patients with different TNM staging and pathological

types. The current study also tried to provide preliminary lines of
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evidence about the potential roles of respiratory microbiota in the

pathobiology of lung cancer.
2 Materials and methods

2.1 Study design and participants

The current observational cohort study recruited inpatients with a

high-resolution CT-confirmed diagnosis of pulmonarymass or nodules

ready for surgery at our institution. From 2 January 2020 to 28

February 2020, 0.5 cm3 (average size) surgically resected lesions from

the lower part of the lungs of 76 lung cancer patients (adenocarcinoma

and squamous cell carcinoma) and 10 patients with benign pulmonary

diseases without infection symptoms were consecutively collected for

16S rRNA biomarker sequencing in this study. Enrolled patients gave

written informed consent and the study protocol was approved by the

Institutional Review Board committee of our hospital. Among the

included cancer patients, none received neoadjuvant therapy. For

adenocarcinoma, microinvasive and invasive adenocarcinoma were

included, and preinvasive lesions (atypical adenomatous hyperplasia,

carcinoma in situ) or infrequent histological types (e.g., mucinous

adenocarcinoma, colloid adenocarcinoma, fetal adenocarcinoma, and

intestinal-type adenocarcinoma) were excluded. After quality control,

one tumor tissue and three benign lesion samples were excluded from

further analysis due to failed 16S PCR amplification. In the final

analysis, 30 squamous cell carcinoma samples were included in the

LUSC group, 45 adenocarcinoma samples were included in the LUAD

group, and 7 benign pulmonary lesions were included in the BPD

group. The BPD cases were composed of three inflammatory

pseudotumor and four tuberculoma. Participants with lung cancer
Frontiers in Oncology 03
were older than those with benign pulmonary diseases. The percentages

of male smoking individuals were higher in the squamous cell

carcinoma group. Degree of differentiation and TNM stage between

the two different lung cancer histology were also different. Other clinical

characteristics were similar (Table 1).
2.2 Sample preparation and 16S rRNA
gene sequencing

The resected pulmonary mass or nodule tissues were obtained

and stored in sterile vials in liquid nitrogen under aseptic conditions.

Diagnoses were verified by histopathology according to WHO

histological guidelines (16). Empty vials were set as blank controls

to reduce potential contaminations. The CTAB/SDS method was used

to extract the total genome DNA in samples, and the DNA

concentration and purity were assessed by 1% agarose

electrophoresis (17). Then, DNA was diluted to 1 ng/ml using sterile

water according to the concentration.

The bacterial 16S rRNA V4 region was amplified using the

universal primer that targets this region in most bacteria (forward

primer: 5′-GTGCCAGCMGCCGCGGTAA-3′ and reverse primer:

5′-GGACTACHVGGGTWTCTAAT-3′) with the barcode (18). All

polymerase chain reactions were carried out with 15 µl of Phusion®

High-Fidelity PCR Master Mix (New England Biolabs), 0.2 µM of

forward and reverse primers, and 10 ng of template DNA. Thermal

cycling consisted of initial denaturation (98°C for 1 min), 30 cycles of

denaturation (98°C for 10 s), annealing (50°C for 30 s), elongation

(72°C for 30 s), and finally 72°C for 5 min. The same volume of 1×

loading buffer was mixed with PCR products and electrophoresed on

2% agarose gel for detection. PCR amplicons were mixed in
TABLE 1 Demographic and clinical characteristics of study participants.

Characteristics Squamous cell
carcinoma Adenocarcinoma Benign pulmonary

diseases
p-

value

Age (years), mean (SD) 61.70 (8.90) 58.98 (9.92) 51.71 (5.22) 0.039

Male sex 30 (100.00) 26 (57.78) 3 (42.86) <0.001

Smoking status (yes), n (%) 29 (96.67) 14 (31.11) 3 (42.86) <0.001

Diabetes (yes), n (%) 6 (20.00) 6 (13.33) 1 (14.29) 0.741

Hypertension (yes), n (%) 7 (23.33) 10 (22.22) 1 (14.29) 0.861

COPD (yes), n (%) 5 (16.67) 4 (8.89) 1 (14.29) 0.595

Recent antibiotic consumption (yes), n
(%)a

10 (33.33) 23 (51.11) 1 (14.29) 0.129

Differentiation, n (%)b,c
Well
Median
Poor

2 (6.90)
7 (24.14)
20 (68.96)

6 (16.22)
24 (64.86)
7 (18.92)

NA
NA
NA

<0.001

TNM stage n (%)d,e,f
I
II
III

8 (26.67)
9 (30.00)
13 (43.33)

32 (72.73)
4 (9.09)
8 (18.18)

NA
NA
NA

<0.001
fron
aAntibiotic exposure within 3 months prior to the lung lesion resection.
bOne case of squamous cell carcinoma in situ was excluded.
cOne case of adenocarcinoma in situ and seven cases of microinvasive adenocarcinoma were excluded.
dThe eighth edition of the TNM classification for lung cancer (15).
eOne case of stage Iva adenocarcinoma was excluded in the comparison of TNM stages.
fNine patients in stage I, three in stage II, and four in stage III administered antibiotics within 3 months prior to the lung lesion resection.
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equidensity ratios. Then, the Qiagen Gel Extraction Kit (Qiagen,

Germany) was used to purify the PCR amplicon mixtures.

A TruSeq® DNA PCR-Free Sample Preparation Kit (Illumina,

USA) with index codes was used to generate sequencing libraries

following the manufacturer’s instructions. The Qubit@ 2.0

Fluorometer (Thermo Scientific) and Agilent Bioanalyzer 2100

system were used to evaluate the library quality. Lastly, the library

was sequenced and 250-bp paired-end reads were generated (Illumina

NovaSeq 6000 platform).

2.3. Statistical and bioinformatic analysis

Statistical analysis was done using R (version 2.15.3) software and

SPSS (Version 17.0) as previously described (19). Continuous data

were compared using median and interquartile range, while

categorical variables were analyzed by the frequency and percentage

in each category. Differences between groups were evaluated using

ANOVA, the Kruskal–Wallis test, or the Wilcoxon matched pairs

signed rank test.

The study shared the same statistical analysis in R and pipelines in

QIIME with the previous study conducted by Rea Bingula et al. (20).

Briefly, paired-end reads were assigned to samples based on their

unique barcode and truncated by cutting off the barcode and primer

sequence. FLASH (V1.2.7, http://ccb.jhu.edu/software/FLASH/)

software was used to merge paired-end reads. The raw tags were

filtered under default conditions to obtain the high-quality clean tags

according to the QIIME (V1.9.1, http://qiime.org/scripts/split_

libraries_fastq.html) quality control process. The tags were then

compared with the reference database (Silva database, https://www.

arb-silva.de/) using the UCHIME algorithm (UCHIME Algorithm,

http://www.drive5.com/usearch/manual/uchime_algo.html) to detect

and remove chimera sequences.

Uparse software (Uparse v7.0.1001, http://drive5.com/uparse/)

was used to analyze sequences. Sequences with no less than 97%

similarity were assigned to the same OTUs. The representative

sequence of each operational taxonomic unit (OTU) was filtered for

further annotation. The taxonomic information of each representative

sequence was annotated via the Silva Ref NR Database (http://www.

arb-silva.de/) based on the Mothur algorithm. MUSCLE software

(Version 3.8.31, http://www.drive5.com/muscle/) was used to align

multiple sequences to study the phylogenetic relationship of different

OTUs and the difference of the dominant species in different samples.

The sequence number of the sample with the least sequences was set as

a standard to normalize OTUs’ abundance information. Subsequent

analysis of alpha-diversity and beta-diversity were all performed based

on this output normalized data.

Complexity of species diversity for a sample was evaluated by

alpha-diversity through three indices, namely, observed species,

Chao1, and Shannon. All these indices were calculated with QIIME

and displayed with R software. Differences of samples in species

complexity were assessed by beta-diversity analysis, which was also

calculated by QIIME software through the index, weighted UniFrac.

Cluster analysis was done by principal component analysis (PCA)

using the FactoMineR and ggplot2 packages in R software. Principal

coordinate analysis (PCoA) was performed to get principal

coordinates and visualize multidimensional data. PCoA analysis

was displayed by WGCNA, stat, and ggplot2 packages in
Frontiers in Oncology 04
R software. Unweighted pair-group method with arithmetic means

(UPGMA) clustering was calculated by QIIME software as a type of

hierarchical clustering method to interpret the distance matrix using

average linkage. The detailed software and the corresponding

parameters used in the 16S rRNA amplicon analysis in our study

are listed in Table S1.
3 Results

3.1 The taxonomic diversity of respiratory
microbiota in lung cancer and benign
pulmonary lesion tissues

After filtering and rarefying, a median of 63,381 high-quality reads

were attained per tissue sample undergoing 16S rRNA sequencing

(range = 35,036–69,704 tags). Based on 97% sequence similarity, the

above reads were binned into 6,392 OTUs. According to taxon

annotation results of all OTUs, the top four phyla in LUSC, LUAD,

and BPD groups included Proteobacteria (78.60%, 84.91%, and

60.47%, respectively), Firmicutes (11.25%, 5.72%, and 16.09%,

respectively), Bacteroidetes (2.71%, 1.28%, and 3.22%, respectively),

and Actinobacteria (0.28%, 0.73%, and 7.70%, respectively)

(Figure 1A). The predominant genera in the above three groups

included Haemophilus (9.54%, 0.20%, and 13.59%, respectively),

Streptococcus (4.82%, 0.17%, and 0.19%), Sphingomonas (0.03%,

0.10%, and 15.70%, respectively), and Brevundimonas (20.29%,

34.32%, and 12.04%, respectively) (Figure 1B). The top 30 taxa of

relative abundance in each group are listed in Table S2. Then, the

differences in taxonomic diversity of respiratory microbiota in lung

cancer and benign pulmonary lesion tissues were analyzed. ANOSIM

(analysis of similarities) is mainly used to analyze inter-group

similarity of high-dimensional data and provide a basis for inter-

group difference evaluation (21). ANOSIM suggested that significant

differences existed in LUSC, LUAD, and BPD groups (Table S3).

Alpha-diversity describes the richness and evenness of bacteria in

samples. To evaluate differences in respiratory microbial alpha-

diversity between lung cancer and benign pulmonary diseases, the

diversity and richness indices were compared. A comparison of the

observed OTUs and Chao1 presented a significant reduction in lung

cancer groups (Figure 2A; Table S3). However, no statistical

significance in Shannon’s diversity index was observed (Table S3).

To compare the extent of dissimilarity in respiratory microbial

composition between each group, beta-diversity was computed

based on the weighted UniFrac distance. The PCoA plot was used

for presenting the microbial composition of each group, andWilcoxon

analysis was performed to compare the dispersion among pathological

statuses. The PCoA plot showed significant differences in clustering of

each group (Figure 2B; Table S3).

Next, we further evaluated differences in respiratory microbial alpha-

and beta-diversity between different pathological stages. LUSC and

LUAD groups were lumped together in the comparisons by lung

cancer stages. ANOSIM also suggested that differences between groups

were significant (Table S3). The observed OTUs, Shannon, and Chao1,

all indicated that there were no statistical significances between bacterial
frontiersin.org
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alpha diversity of different lung cancer TNM stages (Figure 3A). In

contrast, compared with benign pulmonary diseases, the observed OTUs

and Chao1 richness estimator were significantly lower in all stage I–III

lung cancer lesions (Figure 3A; Table S4). For beta-diversity (weighted

UniFrac distance), a similar trend was observed. Namely, different

clusters were presented between benign pulmonary diseases and all

lung cancer cases, and cluster differences between different lung cancer

stages were not as significant (Figure 3B; Table S4).
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3.2 Comparison of the respiratory microbial
taxa in tissues of lung cancer and benign
pulmonary diseases

Significant differences based on FDR (false discovery rate) correction

in tissue taxonomic abundances at various taxonomic levels were

observed between lung cancer and benign pulmonary diseases. At the

phylum level, the abundance of Dadabacteria and Planctomycetes was
A

B

FIGURE 2

The taxonomic diversity of respiratory microbiota by group (LUSC vs. LUAD vs. BPD). (A) Significant differences in observed OTUs and Chao1 were
observed between each group. No significant difference was observed between each group regarding Shannon’s index. (B) Principal coordinate analysis
(genus level) using the weighted UniFrac distance displayed the dissimilarities of respiratory microbiota between each group. (*p < 0.05, **p < 0.01, and
***p < 0.001, similarly hereinafter).
BA

FIGURE 1

Relative abundance of respiratory microbiota composition at the phylum (A) and genus (B) levels by pathological statuses (LUSC vs. LUAD vs. BPD).
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different between lung adenocarcinoma and BPD (Table S5). No bacterial

taxa showed significant abundance difference among different lung

cancer stages at the phylum level (Table S5). At the genus level, the

abundance differences of 13 taxa, such as Brevundimonas and Devosia,

reached statistical significance between LUSC and LUAD. The

abundance differences were also observed in 63 taxa between LUSC

and BPD (e.g., Limnobacter) and 4 taxa between LUAD and BPD (e.g.,

Methyloversatilis) (Table S5). Similar to the results at the phylum level,

bacterial taxonomic abundances failed to show significant differences

across different pathological stages of lung cancer at the genus level (Table

S5). The taxonomic abundance comparisons at other taxonomic levels

are also listed in Table S5. Linear discriminant analysis effect size (LEfSe)

analysis was adopted to evaluate the most differently abundant taxa of

each group. Linear discriminant analysis (LDA) scores over 4.0 were

obtained as potential biomarkers in different pathological groups whereas

LDA scores over 2.0 were utilized in lung cancer of different stages. The

representative genus revealed relatively consistent results with those of

abundance analysis (Figure 4). The LDA graph and the cladogram

showed that Gammaproteobacteria was more abundant in LUSC, 14

taxa (Brevundimonas , Caulobacterales, Caulobacteraceae,

Brevundimonas vesicularis, Limnobacter, Burkholderiaceae, unidentified

Gammaproteobacteria, Alphaproteobacteria, Pseudomonadales,

Pseudomonas, Pseudomonadaceae, Pseudomonas xanthomarina,

unidentified Rhizobiales, and Devosia) were more abundant in

the LUAD group, whereas 18 taxa (Sphingomonadaceae,

Sphingomonadales, Sphingomonas, Pasteurellaceae, Pasteurellales,

Haemophilus influenzae, Haemophilus, Actinobacteria, unidentified

Actinobacteria, Bifidobacterium, Bifidobacteriales, Bifidobacteriaceae,

Bifidobacterium adolescentis, Lactobacillales, Lactobacillus,

Lactobacillaceae, Blautia, and Ruminococcaceae) were more abundant
Frontiers in Oncology 06
in the BPD cluster (Figure 4A). In the LDA graph and cladogram of lung

cancer of different stages, no taxa with an LDA score over 2.0 were found

in the stage III group, whereas Beggiatoales, Beggiatoaceae, Beggiatoa sp.

LPN, and Beggiatoa were more abundant in the stage II group,

Micrococca les , Ramlibacter , Sphingomonadaceae , and

Sphingomonadales were more abundant in the stage I group (Figure 4B).
3.3 Effects of antibiotic exposure on
respiratory microbiota in tissues of lung
cancer and benign pulmonary diseases

To evaluate the effects of recent antibiotic exposure on respiratory

microbiota in lung cancer patients, microbial taxa and diversity

between lung cancer patients with different antibiotic consumption

history were compared. No significant differences were observed in

tissue taxonomic abundances and diversity at all taxonomic levels

between lung cancer patients with and without antibiotic exposure 3

months prior to surgery (Table S6). For lung squamous cell

carcinoma, except for one low abundant class (Chloroflexia), other

bacterial taxa as well as alpha- and beta-diversity showed similar

distribution between those with and without antibiotic exposure 3

months prior to surgery (Table S6). In terms of lung adenocarcinoma,

beta-diversity was different between patients with different recent

antibiotic exposure (Table S6). Antibiotic consumption also did not

have an effect on taxonomic abundance or alpha-diversity of

respiratory microbiota in lung adenocarcinoma (Table S6).

After excluding those who had recent antibiotic exposure,

diversity and taxonomic abundance analyses were repeated to

explore the role of antibiotics in shaping respiratory microbiota in
A

B

FIGURE 3

The alpha- and beta-diversity of respiratory microbiota in lung cancer patients by different TNM stages [stage I (LC.I) vs. stage II (LC.II) vs. stage III (LC.III)].
(A) No significant differences in observed OTUs, Shannon, and Chao1 were observed between different lung cancer TNM stages. Significant differences
were observed between benign pulmonary diseases (BPD) and all stage I–III lung cancer cases regarding observed OTUs and Chao1 richness estimator.
(B) Principal coordinate analysis (genus level) using the weighted UniFrac distance showed similar clusters of respiratory microbiota between lung cancer
at different TNM staging and different clusters were found between benign pulmonary diseases and all lung cancer cases. * means 0.01 ≤ P < 0.05; **
means 0.001 ≤ P < 0.01; *** means P < 0.001.
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lung cancer patients. Similarly, the observed OTUs and Chao1

presented a significant reduction in lung cancer groups, and no

statistical significance in Shannon’s diversity index was observed.

The beta-diversity analysis indicated that different clusters of

microbial community existed in different lung cancer pathology

(Table S7). Respiratory bacterial taxa at all levels failed to show

significant different abundance between LUSC and LUAD. At the

phylum level, the abundance of 45 taxa (e.g., Dadabacteria) was

different between LUSC and BPD. The abundance of the phylum,

Planctomycetes, was different between LUAD and BPD (Table S7). At

the genus level, the abundance differences of 605 taxa, such as

Streptococcus and Sphingomonas, reached statistical significance

between LUSC and BPD. The abundance differences were not

observed in all taxa between LUAD and BPD at the genus level

(Table S7). Alpha-diversity and bacterial taxonomic abundances

failed to show significant differences across different pathological

stages of lung cancer from the phylum to the species level. With

respect to beta-diversity, lung cancer stage I and III showed significant

differences (Table S7).
3.4 Effects of smoking on respiratory
microbiota in tissues of lung cancer

Effects of smoking history on respiratory microbiota in lung

cancer patients were also evaluated. Since there was only one non-

smoking LUSC case, the difference in microbiota was not compared
Frontiers in Oncology 07
in the LUSC group. In terms of LUAD patients, bacterial abundance

and diversity of respiratory microbiota at all taxonomic levels did not

show significant differences between smokers and non-smokers

(Table S8).
4 Discussion

Commensal microbiota, especially those in the gut, have become

potential therapeutic targets for various infectious and inflammatory

diseases, as well as tumors (4, 7). Although the biomass in the

respiratory tract is relatively low, the airway microbiota has been

implicated in the evolution of lung cancer (13, 22, 23). However,

studies focusing on relationships between respiratory microbiome and

pathological types, and TNM staging, in real-world lung cancer patients

are scarce. Moreover, among the respiratory microbiome, the specific

taxa that participate in the pathogenesis of lung cancer remain

unknown. The current study investigated the composition and

diversity of respiratory microbiota in patients with benign pulmonary

diseases and lung cancer. To our knowledge, this report provides new

insight into the lung cancer tissue microbiota in clinical settings.

At the phylum level, similar to the study conducted by Greathouse

et al., increased Proteobacteria and decreased Firmicutes and

Fusobacterium were observed in lung cancer tissues compared with

non-cancer population control lung tissues (24). In contrast,

Actinobacteria were less frequent in the lung cancer group

(especially the LUSC group). Considering the recent discovery that
A

B

FIGURE 4

Linear discriminant analysis (LDA) effect size (LEfSe) analysis for respiratory microbiota abundance based on lung lesion pathology and lung cancer TNM
staging. (A) The LDA scores (>4) and cladogram of the representative taxa associated with lung cancer and BPD. (B) The LDA scores (>2) and cladogram
of the representative taxa associated with different lung cancer TNM stages.
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certain strains of Actinobacteria might produce anticancer

metabolites, it is justified to further explore the association between

lung cancer pathogenesis and local Actinobacteria activities in the

airway (25). At the genus level, Brevundimonas and Limnobacter were

abundant in all participants. Brevundimonas strains are Gram-

negative, motile bacteria of the family Caulobacteraceae. In

humans, Brevundimonas is an opportunistic pathogen able to cause

a range of hospital-acquired infections such as bacteremia,

pneumonia/pleuritis, urinary tract infection, and skin and soft

tissue infection (26). Whether they are associated with cancer

remains to be explored. Limnobacter was reported to be one of the

potential biomarkers for hepatocellular carcinoma (27). More

research on their biological role in the lung and cancer is still

needed. Three genera, namely, Streptococcus, Prevotella, and

Aggregatibacter, seemed to be enriched in LUSC cases. These

genera also played a role in colon, oral cavity, and throat cancer

(28–30). In particular, Streptococcus and Prevotella were also found

abundant in lung cancer patients in previous studies, and certain

Streptococcus-derived proteins could be carcinogenic by inducing

epithelial inflammation (10, 28). Moreover, enrichment of

Streptococcus and decreased Staphylococcus was found in the

respiratory microbiome of lung cancer patients, while studies have

shown that Staphylococcus can destroy DNA and Streptococcus plays a

role in preventing DNA damage (31, 32). These contradictory

findings may be due to the fact that the true carcinogenic taxa have

not been discovered, or the same species may play different roles

under different pulmonary local environmental conditions.

Jungnickel et al. reported that nontypeable H. influenzae-associated

inflammation could promote proliferation of KRAS-mutated

adenomatous lesions in a TLR-dependent manner (33). However,

Haemophilus was less abundant in the LUAD group in the present

study, since nontypeable H. influenzae tend to colonize in the airways

of patients with COPD. The low incidence of COPD in our LUAD

cohort (8.89%) may explain the difference. In future studies,

sequencing techniques with higher resolution (e.g., full-length 16S

rRNA or metagenome) and Haemophilus culturomics may help

elucidate the paradox. Leucothrix and Sulfurovum were mainly

found in patients with lung cancer, and their activities in cancer

remain unknown. Sphingomonas and Bifidobacterium were more

commonly seen in patients with BPD. Increased distributions of

Sphingomonas in non-cancerous tissues were similarly indicated in

several studies, and coculture of certain strains of Sphingomonas and

the fungus Aspergillus fumigatus KMC-901 could produce cancer

invasion inhibitory compounds (34–36). More studies are needed to

clarify whether Sphingomonas spp. can be cancer-inhibitory.

Preclinical models have shown that respiratory microbiota

pattern alteration seemed to elicit inflammatory processes by

upregulating several cytokines and dysregulating oxidative damage-

related biomarkers (37). Oxidative stress is closely related to

carcinogenesis. With respect to microbiota modulation, possible

ways to combat oxidative stress include local probiotic taxon

transplantation, targeting microbiota-derived pro-inflammatory

metabolites and so forth. In the future, prospective interventional

studies will help to elucidate the specific bacterial taxa, metabolites,

and their roles in lung cancer. LEfSe analysis is commonly used to
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evaluate the association between microbiome and disease status (19,

38). LefSe analysis also showed that Bifidobacterium, Lactobacillus,

and Ruminococcaceae, which produce short-chain fatty acids

(SCFAs), are enriched in the BPD group of our study. SCFAs have

been involved in inflammation alleviation, immune modulation, and

anticancer effects (39, 40). Therefore, a reduction of the bacteria that

generate SCFAs in the lung cancer tissue may be linked to cancer risk.

Moreover, certain bacterial strains like Bifidobacterium spp. have

been widely identified inside tumors and are capable of killing tumor

cells in a natural or genetically modified form (41). The microbiome

has long been reported as a reliable biomarker for the efficacy of

immune checkpoint blockade therapy towards lung cancer, and

antibiotic-induced microbiota dysbiosis is associated with poorer

outcome following immune checkpoint inhibitor treatment (42).

Mechanistically, certain bacterial epitopes might enhance the

therapeutic effect of immune checkpoint inhibitors by mimicking

tumor neoantigens (43). Therefore, knowing the microbiota

differences between tumor and benign diseases may help recognize

the potentially beneficial probiotics and epitopes, and develop new

direct anti-cancer therapies as well as improve the treatment response

to immunotherapy among cancer patients.

Common materials used in studies on respiratory microbiota

include sputum, bronchoscopy samples, bronchoalveolar lavage fluid

(BALF), and lung tissue biopsy. Due to the low-biomass nature of the

lung microbiome, the respiratory samples were vulnerable to

contamination. The former three types of samples are all at risk of

the potential contaminants from the oral cavity. Furthermore, the

specimens collected from bronchoscopy or oral sites might ignore the

spatial variation of lung microbiota due to the different distribution of

microorganisms in the upper and lower respiratory tract (8).

Compared with BALF, lung tissue was considered as the preferred

specimen to mitigate those confounding interferences and reliably

reflect the local microbial composition (44). Several studies

investigated the tissue microbiome of lung cancer patients, but

most results came from comparisons between tumor samples and

tumor-adjacent samples (22, 45–47). Since the airway space is highly

dynamic, the contents in the respiratory tract, such as secretions,

particles, and cells (including microbiome), are likely to spread

through the lumen with the respiratory movement. As a result, the

microbial compositions of the tumor-adjacent tissues may also be

affected by the tumor microbiota. In this study, the control group

tried to reduce those potential contaminations by using surgically

removed tissue from BPD patients.

Consistent with the results of previous studies, significant

reduction of alpha-diversity in respiratory microbiota of NSCLC

patients was observed (13, 19, 45). Our results also revealed that

bacterial beta-diversity was different between NSCLC and BPD, and

beta-diversity in LUAD samples was also different from that in LUSC.

These diversity differences implied that the local environment and

bacterial community were different between different lung cancer

pathological subtypes. The composition of the respiratory

microbiome is mainly regulated by the balance of bacterial

immigration, excretion, and replication (48). Reduced diversity and

subsequent enrichment of certain microbes in the respiratory tract

may lead to carcinogenesis and cancer evolution. For comparisons of
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respiratory microbial beta-diversity between NSCLC of different

TNM stages, differences between stage I and stage III were

significant, suggesting that the local airway environments changed

with different cancer development stages. Kim et al. indicated that

declined alpha-diversity was found in lung cancer of more advanced

stages (III–IV). However, no such difference was found in our study

(49). Moreover, similar to results of most microbiota studies, whether

these microbiota changes are the cause, mediator, or result of cancer

evolution and what the specific cancer-promoting component(s) in

respiratory microbiota are remain unknown. Due to the limited

sample size, more transregional multi-center studies are necessary

to further validate those differences.

Antibiotics are considered as broad-spectrum manipulators of

commensal microbiota. In the current comparisons of lung cancer,

bacterial diversity among recent usage of antibiotics, except for the

beta-diversity of respiratory microbiota in lung adenocarcinoma,

showed significant difference, and both the alpha-diversity and

taxonomic abundances showed similar results across different

pathologies. After excluding lung cancer patients with recent

antibiotic exposure, more taxa with significantly different

abundances were revealed between lung cancer patients and

patients with benign pulmonary diseases. Observational studies

indicated that antibiotic use was an independent risk factor for lung

cancer occurrence. Antibiotic exposure might promote carcinogenesis

via disruption of commensal microbiota, which could contribute to

dysregulation of host immune homeostasis (50). Our results

supported the idea that short-term antibiotic consumption seemed

to be a subsidiary rather than a dominant power in molding the

composition of airway microbiota. Antibiotics might affect the

community structure of respiratory microbiota to some extent.

However, because different types and doses of antibiotics may have

varied effects on bacteria, more detailed work is necessary to clarify

how antibiotics shape the commensal microbiota and whether these

changes have a role in lung cancer evolution. Furthermore, current

methods for precisely modulating the gut microbiome mainly include

fecal microbiota transplantation, probiotics and prebiotics, and diet

control. Similar new techniques, such as respiratory microbiota

transplantation and bacteriophages, are necessary to elucidate the

role of certain individual bacterial taxon in lung cancer evolution (51).

Cigarettes may modify commensal microbiome by microbes in

tobacco, tobacco-induced defect of antimicrobial defenses, increased

biofilm formation by certain advantageous bacteria, or altered local

microenvironment (e.g., oxygen tension) (52). Yu et al. indicated that

chronic exposure to tobacco smoke was associated with higher diversity

of lung microbiota and the higher proportion of smokers in LUSC may

be the explanation (53). Long-term inhalation of tobacco-related

detrimental particles could increase the airborne spread of microbes

and impede the elimination of microbes from the respiratory system (53).

As a result, increased microbial burden might be found in smokers.

However, Greathouse et al. and our group found no significant changes

in alpha-diversity by smoking status. For LUSC patients, Greathouse et al.

showed that the relative abundance of Acidovorax was higher in former

and current smokers (24). Zheng et al. reported that increased

Pseudoalteromonas sp. CF149, Roseburia hominis, Penicillium

expansum, etc. and decreased Pseudomonas mosselii and Pseudomonas
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putida were shown in mixed samples of bronchoscopy and lobectomy in

NSCLC patients with a smoking history (19). The following reasons may

help elucidate those differences of taxonomic relative abundance with

different tobacco exposure. Firstly, previous studies included both LUSC

and LUAD in the analyses, and the greater proportion of smokers in the

LUSC group may explain the differences. LUAD mainly arises from

peripheral airways, and its association with smoking is weaker compared

with LUSC. As a result, the effect of cigarettes on the respiratory

microbiome of LUAD may be alleviated. Secondly, increased microbial

burden in smokers does not necessarily mean higher diversity. Being

continuously exposed to the external environment, the respiratory

microbiome undergoes dynamic changes. The immigrant

microorganisms could become part of the resident microbiota, but the

majority belongs to the transient group, which could not grow in the

respiratory tract and contribute little to respiratory microbial diversity

(48). Moreover, different sample types and processing procedures might

also contribute to the variations. The exact causal relationship between

cigarettes and microbiome alteration in lung cancer patients remains to

be further explored (52).

There are several potential limitations in the current study. First,

it is difficult to balance baseline characteristics among different groups

due to the disease nature and consecutively enrolled cohort. As a

result, the inter-group age, gender, smoking status, degree of

differentiation, and TNM stage did not match. Alterations of airway

microbiome with respect to those characteristics were not evaluated.

Second, the limited sample size, especially the BPD group, might

compromise the power of this study. In the comparison of taxonomic

abundance among different pathological stages of lung cancer, no

bacterial taxa showed significant difference. Whether microbial

composition differs among lung cancer stages remains to be

explored. Studies with sufficient and evenly distributed samples are

warranted to further validate the current results. Third, this study was

cross-sectional and unable to determine the temporal relationship of

the respiratory microbiome to onset or progression of lung cancer.

Fourth, 16S rRNA amplicon sequencing is liable to contamination

during PCR procedures and generally classifies dominant bacteria to

the genus level. Shotgun metagenomic sequencing may help make up

these defects and identify more specific species within these genera for

each lung sample (54). Fifth, OTU-level flow, Mothur, was still used

in our study to be comparable to studies about respiratory microbiota

in lung cancer patients. ASV (amplicon sequence variant)-level

pipelines (DADA2, QIIME2-Deblur, and USEARCH-UNOISE3)

are justified to confirm the current results. In addition, 16S rRNA

sequencing cannot provide information on the viability of bacteria

and bacteria–host interactions. Bacterial culture, respiratory

microbiota transplantation, and metabonomics are potential ways

to clarify the role of flora activities in NSCLC.

In conclusion, we found significantly different respiratory

microbiome taxa, abundance, and diversity in lung cancer of

different pathology and some stages. Short-term antibiotic

application might play a minor role in molding airway microbiota

in lung cancer patients. Composition and diversity of respiratory

microbiota in lung adenocarcinoma are not affected by cigarette

exposure. Prospective longitudinal studies that utilize bacterial

culture, respiratory microbiota transplantation, and metabonomics
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are needed to further clarify the role of respiratory microbiota

activities in NSCLC.
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properties of proteins with pro-inflammatory activity from streptococcus infantarius
(formerly s.bovis). Carcinogenesis (2004) 25:1477–84. doi: 10.1093/carcin/bgh091

29. Kawasaki M, Ikeda Y, Ikeda E, Takahashi M, Tanaka D, Nakajima Y, et al. Oral
infectious bacteria in dental plaque and saliva as risk factors in patients with esophageal
cancer. Cancer (2021) 127:512–9. doi: 10.1002/cncr.33316

30. Wang L, Yin G, Guo Y, Zhao Y, Zhao M, Lai Y, et al. Variations in oral microbiota
composition are associated with a risk of throat cancer. Front Cell Infect Microbiol (2019)
9:205. doi: 10.3389/fcimb.2019.00205

31. Liu HX, Tao LL, Zhang J, Zhu YG, Zheng Y, Liu D, et al. Difference of lower airway
microbiome in bilateral protected specimen brush between lung cancer patients with unilateral
lobar masses and control subjects. Int J Cancer (2018) 142:769–78. doi: 10.1002/ijc.31098

32. Urbaniak C, Gloor GB, Brackstone M, Scott L, Tangney M, Reid G, et al. The
microbiota of breast tissue and its association with breast cancer. Appl Environ Microbiol
(2016) 82:5039–48. doi: 10.1128/AEM.01235-16

33. Jungnickel C, Schnabel PA, Bohle R, Wiewrodt R, Herr C, Bals R, et al.
Nontypeable haemophilus influenzae-promoted proliferation of kras-induced early
adenomatous lesions is completely dependent on toll-like receptor signaling. Am J
Pathol (2017) 187:973–9. doi: 10.1016/j.ajpath.2017.01.003

34. Xuan C, Shamonki JM, Chung A, Dinome ML, Chung M, Sieling PA, et al.
Microbial dysbiosis is associated with human breast cancer. PloS One (2014) 9:e83744.
doi: 10.1371/journal.pone.0083744

35. Dong Z, Chen B, Pan H, Wang D, Liu M, Yang Y, et al. Detection of microbial 16S
rRNA gene in the serum of patients with gastric cancer. Front Oncol (2019) 9:608. doi:
10.3389/fonc.2019.00608

36. Park HB, Kim YJ, Park JS, Glionitrin B. A cancer invasion inhibitory
diketopiperazine produced by microbial coculture. J Nat Prod (2011) 74:2309–12. doi:
10.1021/np200563x

37. Wang S, Zhou Q, Tian Y, Hu X. The lung microbiota affects pulmonary
inflammation and oxidative stress induced by PM(2. 5) Exposure. Environ Sci Technol
(2022) 56:12368–79. doi: 10.1021/acs.est.1c08888

38. Kang GU, Jung DR, Lee YH, Jeon SY, Han HS, Chong GO, et al. Dynamics of fecal
microbiota with and without invasive cervical cancer and its application in early
diagnosis. Cancers (Basel) (2020) 12:3800. doi: 10.3390/cancers12123800

39. Ma X, Zhou Z, Zhang X, Fan M, Hong Y, Feng Y, et al. Sodium butyrate modulates
gut microbiota and immune response in colorectal cancer liver metastatic mice. Cell Biol
Toxicol (2020) 36:509–15. doi: 10.1007/s10565-020-09518-4

40. Seth RK, Kimono D, Alhasson F, Sarkar S, Albadrani M, Lasley SK, et al. Increased
butyrate priming in the gut stalls microbiome associated-gastrointestinal inflammation
and hepatic metabolic reprogramming in a mouse model of gulf war illness. Toxicol Appl
Pharmacol (2018) 350:64–77. doi: 10.1016/j.taap.2018.05.006

41. Wang Y, Guo W, Wu X, Zhang Y, Mannion C, Brouchkov A, et al. Oncolytic
bacteria and their potential role in bacterium-mediated tumour therapy: a conceptual
analysis. J Cancer (2019) 10:4442–54. doi: 10.7150/jca.35648

42. Pinato DJ, Howlett S, Ottaviani D, Urus H, Patel A, Mineo T, et al. Association of
prior antibiotic treatment with survival and response to immune checkpoint inhibitor
therapy in patients with cancer. JAMA Oncol (2019) 5:1774–8. doi: 10.1001/
jamaoncol.2019.2785

43. Boesch M, Baty F, Rothschild SI, Tamm M, Joerger M, Früh M, et al. Tumour
neoantigen mimicry by microbial species in cancer immunotherapy. Br J Cancer (2021)
125:313–23. doi: 10.1038/s41416-021-01365-2

44. Baker JM, Hinkle KJ, McDonald RA, Brown CA, Falkowski NR, Huffnagle GB,
et al. Whole lung tissue is the preferred sampling method for amplicon-based
characterization of murine lung microbiota. Microbiome (2021) 9:99. doi: 10.1186/
s40168-021-01055-4

45. Yu G, Gail MH, Consonni D, Carugno M, Humphrys M, Pesatori AC, et al.
Characterizing human lung tissue microbiota and its relationship to epidemiological and
clinical features. Genome Biol (2016) 17:163–3. doi: 10.1186/s13059-016-1021-1

46. Peters BA, Hayes RB, Goparaju C, Reid C, Pass HI, Ahn J. The microbiome in lung
cancer tissue and recurrence-free survival. Cancer Epidemiol Biomarkers Prev (2019)
28:731–40. doi: 10.1158/1055-9965.EPI-18-0966

47. Kovaleva O, Podlesnaya P, Rashidova M, Samoilova D, Petrenko A, Zborovskaya I,
et al. Lung microbiome differentially impacts survival of patients with non-small cell lung
cancer depending on tumor stroma phenotype. Biomedicines (2020) 8:349. doi: 10.3390/
biomedicines8090349

48. Dickson RP, Huffnagle GB. The lung microbiome: New principles for respiratory
bacteriology in health and disease. PloS Pathog (2015) 11:e1004923. doi: 10.1371/
journal.ppat.1004923
frontiersin.org

https://doi.org/10.3322/caac.21492
https://doi.org/10.1016/S0140-6736(16)30958-8
https://doi.org/10.1111/j.1753-4887.2012.00493.x
https://doi.org/10.1136/bmj.j831
https://doi.org/10.1172/JCI150473
https://doi.org/10.1126/science.abc4552
https://doi.org/10.1126/science.abc4552
https://doi.org/10.1146/annurev-immunol-051116-052133
https://doi.org/10.1146/annurev-immunol-051116-052133
https://doi.org/10.1038/mi.2016.108
https://doi.org/10.1136/gutjnl-2015-309990
https://doi.org/10.1136/gutjnl-2015-309990
https://doi.org/10.1080/07357907.2020.1732405
https://doi.org/10.1080/07357907.2020.1732405
https://doi.org/10.1016/S2213-2600(18)30510-1
https://doi.org/10.1164/rccm.201710-2118OC
https://doi.org/10.1016/j.cell.2018.12.040
https://doi.org/10.3389/fcimb.2019.00112
https://doi.org/10.3389/fcimb.2019.00112
https://doi.org/10.1016/j.jtho.2017.04.011
https://doi.org/10.1016/j.jtho.2018.12.005
https://doi.org/10.1371/journal.pone.0011963
https://doi.org/10.1038/nature16504
https://doi.org/10.1038/s41598-021-91195-2
https://doi.org/10.1186/s12931-020-01392-2
https://doi.org/10.1128/mSystems.01161-20
https://doi.org/10.3389/fmicb.2018.01757
https://doi.org/10.1158/2159-8290.CD-20-0263
https://doi.org/10.1158/2159-8290.CD-20-0263
https://doi.org/10.1186/s13059-018-1501-6
https://doi.org/10.1038/s41598-020-69786-2
https://doi.org/10.1080/21505594.2017.1419116
https://doi.org/10.1002/cam4.3045
https://doi.org/10.1093/carcin/bgh091
https://doi.org/10.1002/cncr.33316
https://doi.org/10.3389/fcimb.2019.00205
https://doi.org/10.1002/ijc.31098
https://doi.org/10.1128/AEM.01235-16
https://doi.org/10.1016/j.ajpath.2017.01.003
https://doi.org/10.1371/journal.pone.0083744
https://doi.org/10.3389/fonc.2019.00608
https://doi.org/10.1021/np200563x
https://doi.org/10.1021/acs.est.1c08888
https://doi.org/10.3390/cancers12123800
https://doi.org/10.1007/s10565-020-09518-4
https://doi.org/10.1016/j.taap.2018.05.006
https://doi.org/10.7150/jca.35648
https://doi.org/10.1001/jamaoncol.2019.2785
https://doi.org/10.1001/jamaoncol.2019.2785
https://doi.org/10.1038/s41416-021-01365-2
https://doi.org/10.1186/s40168-021-01055-4
https://doi.org/10.1186/s40168-021-01055-4
https://doi.org/10.1186/s13059-016-1021-1
https://doi.org/10.1158/1055-9965.EPI-18-0966
https://doi.org/10.3390/biomedicines8090349
https://doi.org/10.3390/biomedicines8090349
https://doi.org/10.1371/journal.ppat.1004923
https://doi.org/10.1371/journal.ppat.1004923
https://doi.org/10.3389/fonc.2023.847182
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Zheng et al. 10.3389/fonc.2023.847182
49. Kim OH, Choi BY, Kim DK, Kim NH, Rho JK, Sul WJ, et al. The microbiome of
lung cancer tissue and its association with pathological and clinical parameters. Am J
Cancer Res (2022) 12:2350–62.

50. Petrelli F, Ghidini M, Ghidini A, Perego G, Cabiddu M, Khakoo S, et al. Use of
antibiotics and risk of cancer: A systematic review and meta-analysis of observational
studies. Cancers (2019) 11:1174. doi: 10.3390/cancers11081174

51. Yu ZK, Xie RL, You R, Liu YP, Chen XY, Chen MY, et al. The role of the bacterial
microbiome in the treatment of cancer. BMC Cancer (2021) 21:934. doi: 10.1186/s12885-
021-08664-0
Frontiers in Oncology 12
52. Huang C, Shi G. Smoking and microbiome in oral, airway, gut and some systemic
diseases. J Transl Med (2019) 17:225. doi: 10.1186/s12967-019-1971-7

53. Yu G, Gail MH, Consonni D, Carugno M, Humphrys M, Pesatori AC, et al.
Characterizing human lung tissue microbiota and its relationship to epidemiological and
clinical features. Genome Biol (2016) 17:163. doi: 10.1186/s13059-016-1021-1

54. Laudadio I, Fulci V, Palone F, Stronati L, Cucchiara S, Carissimi C.
Quantitative assessment of shotgun metagenomics and 16S rDNA amplicon
sequencing in the study of human gut microbiome. Omics (2018) 22:248–54. doi:
10.1089/omi.2018.0013
frontiersin.org

https://doi.org/10.3390/cancers11081174
https://doi.org/10.1186/s12885-021-08664-0
https://doi.org/10.1186/s12885-021-08664-0
https://doi.org/10.1186/s12967-019-1971-7
https://doi.org/10.1186/s13059-016-1021-1
https://doi.org/10.1089/omi.2018.0013
https://doi.org/10.3389/fonc.2023.847182
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Distinct respiratory microbiota associates with lung cancer clinicopathological characteristics
	1 Introduction
	2 Materials and methods
	2.1 Study design and participants
	2.2 Sample preparation and 16S rRNA gene sequencing

	3 Results
	3.1 The taxonomic diversity of respiratory microbiota in lung cancer and benign pulmonary lesion tissues
	3.2 Comparison of the respiratory microbial taxa in tissues of lung cancer and benign pulmonary diseases
	3.3 Effects of antibiotic exposure on respiratory microbiota in tissues of lung cancer and benign pulmonary diseases
	3.4 Effects of smoking on respiratory microbiota in tissues of lung cancer

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


