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Objectives: Increasing evidence indicates that microbiota dysbiosis in the human body may play vital roles in 

carcinogenesis. However, the relationship between microbiome and lung cancer remains unclear. In this study, 

we aimed to characterize the microbiome in early stage of lung adenocarcinoma (LUAD), which presented as 

subsolid nodules (SSN) or solid nodules (SN). 

Materials and Methods: We performed 16S rRNA sequencing of 35 pairs (10 SSN and 25 SN) of LUAD tumor tissues 

and paired adjacent normal tissues. Machine learning was used to identify microbial signatures and construct 

predictive models. 

Results: SSN has higher microbiome richness and diversity compared with SN (richness p = 0.017, Shannon 

index p = 0.17), and the microbiome composition of SSN is distinct from that of SN (Bray-Curtis p = 0.013, 

unweighted unifrac p = 0.001). Phylum Chloroflexi ( p = 0.009), Gemmatimonadetes ( p = 0.018) and genus includ- 

ing Cloacibacterium ( p = 0.003), Subdoligranulum ( p = 0.002), and Mycobacterium ( p = 0.034) were significantly 

increased in SSN. Tumor and normal tissues had similar richness and diversity, as well as overall microbiome 

composition. Probiotics with anti-cancer potential, like Lactobacillus , showed elevated levels in normal tissues 

( p = 0.018). A random forest model with 20 genera-based biomarkers achieved high accuracy for LUAD pre- 

diction (area under curve, AUC = 0.879). Meanwhile, a five genera-based signature can accurately discriminate 

SSN between SN (AUC = 0.950). Cross-validation of these two models also showed high predictive performance 

(LUAD AUC = 0.813, SSN AUC = 0.933). 

Conclusions: This study demonstrates, for the first time, the tumor bacterial microbiome composition of LUAD 

manifested as SSN is distinct from that presented as SN, which adds new knowledge to SSN in the perspective of 

microbiome. Furthermore, microbiome signatures showed good performance to predict LUAD or SSN. 
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. Introduction 

Lung cancer accounts for the highest cancer-related mortality world-
ide [1] . Despite encouraging results achieved with targeted therapy
nd immunotherapy in recent years, the 5-year overall survival remains
oor, mainly as a result of late diagnosis and a high frequency of recur-
ence and metastasis [2] . Non-small cell lung cancer (NSCLC) accounts
or over 80% of lung cancer while lung adenocarcinoma (LUAD) is the
ajor subtype [3] . With the wide application of high-resolution CT in

ung cancer screening, ground-glass opacity nodules (GGNs), which also
alled subsolid nodules (SSNs), have emerged as a new type of lung can-
er [4] . Over 80% of early-stage lung cancers manifest as radiological
SN in clinic [ 4 , 5 ]. SSNs have been considered as a special clinical sub-
ype and are less aggressive than pure solid LUAD. Unlike solid lung
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ancer, many GGNs did not harbor the driver mutations that commonly
ccurred in LUAD [6] . Meanwhile, clinical and epidemiologic studies
ave suggested a strong association among chronic infection, inflamma-
ion, and lung cancer [ 7 , 8 ]. Therefore, we hypothesis that microbiome
ay play vital roles in the initiation and progression of LUAD. 

Human commensal microbiota plays essential roles in varieties of
iological processes, which have an extensive impact on human health.
ysbiosis of the human microbiota was commonly found in metabolic
iseases, such as obesity and diabetes [ 9 , 10 ]. Recently, more and more
tudies revealed that microbiota may contribute to carcinogenesis and
ffect response to cancer therapies through various biological mecha-
ism, including inflammation, metabolism, and immune responses [ 11 –
3 ]. However, most studies focus on digestive system-related cancer
 12 , 13 ], rare studies have been conducted to clarify the interplay be-
ween lung cancer and microbiota. A special bond between gut micro-
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Table 1 

Baseline clinical characteristics of objects in this study. 

Clinical characteristics SSN ( n = 10) SN ( n = 25) P -value 

Age (years; mean ± SD) 57.80 ± 9.27 57.48 ± 11.46 0.938 

Gender (M/F) 3/7 11/14 0.264 

BMI (kg/m2, mean ± SD) 25.13 ± 3.21 23.24 ± 2.41 0.065 

Smoking history (Y/N) 2/8 4/21 1.000 

Location (upper/middle or lower lobe) 3/7 13/12 0.285 

TNM stage (I/II/III) 10/0/0 19/2/4 0.454 

Lymph node metastasis (N0/N1) 10/0 19/6 0.152 

Pleural invasion (Y/N) 10/0 17/8 0.073 

NLR (mean ± SD) 2.16 ± 1.27 1.92 ± 0.89 0.540 

PLR (mean ± SD) 114.93 ± 31.90 123.38 ± 42.47 0.575 

LMR (mean ± SD) 4.15 ± 1.54 4.25 ± 1.44 0.866 

AMC (10 9 /L, mean ± SD) 0.42 ± 0.09 0.44 ± 0.15 0.654 

CHOL (mmol/L, mean ± SD) 5.00 ± 1.18 4.79 ± 1.06 0.604 

TG (mmol/L, mean ± SD) 1.34 ± 0.58 2.08 ± 2.83 0.419 

HDL (mmol/L, mean ± SD) 1.19 ± 0.37 1.10 ± 0.19 0.345 

LDL (mmol/L, mean ± SD) 3.24 ± 0.84 3.04 ± 0.65 0.462 

Abbreviations: SSN, subsolid nodules; SN, solid nodules; M/F, male/female; BMI, body 

mass index; Y/N: Yes/No; NLR: neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte 

ratio; LMR, lymphocyte-monocyte ratio; AMC, absolute monocyte count; CHOL, total 

cholesterol; TG, triglyceride; HDL, high-density lipoprotein; LDL, low-density lipoprotein; 

SD, standard deviation. 
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iome and lung was constructed as “Gut-Lung Axis ” [14] . Dysbiosis of
ut microbiota was found to correlate with lung cancer. As lungs are no
onger considered sterile, emerging evidence suggests that microbiota in
ungs may play a more important role in the lung carcinogenic process
 15 , 16 ]. Therefore, a better understanding of the relationship between
he lung microbiome and lung cancer will promote the development of
ovel diagnosis and treatment strategies. 

Here, we compared the microbiota profiles between LUAD tumor and
ormal lung tissues, as well as solid LUAD and subsolid LUAD, through
he 16 s ribosomal RNA (rRNA) gene sequencing analysis. We also iden-
ified the specific microbiome signatures potentially useful for the diag-
osis of lung cancer. 

. Materials and methods 

.1. Patients and tissue samples 

35 lung tumor tissues and paired normal lung tissues for 16 s rRNA
equencing were obtained from patients who underwent surgical re-
ection at Peking University People’s Hospital between April 2017 and
018. Tumor and normal lung specimens were frozen in a liquid nitro-
en tank immediately after resection in a sterile environment, and then
ransferred to − 80 °C until processing for DNA extraction. Pathological
iagnosis was confirmed by pathologists while staging was performed
ccording to the TNM staging system of the IASLC, version 8 [17] . All
atients were diagnosed as lung adenocarcinoma, and they were further
ivided into 2 groups based on thin-section CT findings including sub-
olid nodules (SSN group, n = 10) and solid nodules (SN group, n = 25).
ge, gender and body mass index (BMI) were matched between these

wo groups, and comprehensive clinical characteristics for the enrolled
atients are summarized in Table 1 . This study was approved by the
thics committee of Peking University People’s Hospital (2018PHB012-
1). Written informed consent was obtained from all patients. 

.2. DNA extraction and 16s gene sequencing 

Microbial DNA was extracted from the samples using the E.Z.N.A.®
oil DNA Kit(Omega Bio-tek, Norcross, GA, U.S.) according to man-
facturer’s protocols. The final DNA concentration and purifica-
ion were determined by NanoDrop 2000 UV–vis spectrophotome-
er (Thermo Scientific, Wilmington, USA), and DNA quality was
2 
hecked by 1% agarose gel electrophoresis. The V3–V4 hypervari-
ble regions of the bacteria 16S rRNA gene were amplified with
rimers 338 F (5’- ACTCCTACGGGAGGCAGCAG-3’) and 806R (5’-
GACTACHVGGGTWTCTAAT-3’) by thermocycler PCR system (Ge-
eAmp 9700, 110 ABI, USA). The amplified products were extracted
rom a 2% agarose gel and further purified using the AxyPrep DNA Gel
xtraction Kit (Axygen Biosciences, Union City, CA, USA) and quanti-
ed using QuantiFluor TM -ST (Promega, USA) according to the man-
facturer’s protocol. Purified amplicons were pooled in equimolar and
aired-end sequenced on an Illumina HiSeq 2500 platform (Illumina,
an Diego, USA). To address potential environmental contaminations,
e introduced 3 negative controls that were processed with the sam-
les. qPCR was used to evaluated the bacterial load in negative controls
ith 16 s primers (Forward: CCTACGGGNGGCWGCAG; Reverse: GAC-
ACHVGGGTATCTAATCC). 

.3. Microbiome sequences analysis 

Raw fastq files were demultiplexed, quality-filtered by Trimmomatic
oftware (version 0.33) [18] and merged by FLASH software (ver-
ion 1.2.7) [19] . Chimeric sequences were detected and removed us-
ng UCHIME software (version 4.2) [20] . Operational taxonomic units
OTUs) were clustered with 97% similarity cutoff using UCLUST in QI-
ME software (version 1.8.0) [21] . The OTUs were filtered with a thresh-
ld of 0.005% of all sequence numbers. The taxonomy of each 16 s rRNA
ene sequence was analyzed by Ribosomal Database Project Classifier
version 2.2, http://sourceforge.net/projects/rdpclassifier/ ) algorithm
22] against the Silva 16 s rRNA database (Release128, http://www.arb-
ilva.de ) [23] using a confidence threshold of 80%. 

Alpha diversity is implemented to display the diversity of bacteria
mong the different samples. Richness (number of OTUs) and the Shan-
on diversity index in our samples were calculated with QIIME and dis-
layed by R software (version 3.6.1). Beta diversity analysis was used to
valuate global differences between microbial community composition.
ray-Curtis and unweighted unifrac distance for principal co-ordinates
nalysis (PCoA) were carried out to visualize the Beta diversity be-
ween different groups. Permutational multivariate analysis of variance
PERMANOVA) test was performed to analyze microbiome similarity
etween different groups. We also performed non-parametric factorial
ilcoxon sum-rank test to detect species-related significant abundance

ifferences in two groups. The linear discriminant analysis (LDA) ef-

http://sourceforge.net/projects/rdpclassifier/
http://www.arb-silva.de
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ect size (LEfSe) method ( http://huttenhower.sph.harvard.edu/lefse/ )
24] was used to detect microbial biomarkers that differentiate differ-
nt groups. Significant correlations ( P < 0.05, and |correlation r| > 0.3)
etween differential genera and clinical characteristics were calculated
y Spearman’s correlation analyses. The random forest (RF) algorithm
as applied to construct predictive models based on microbiota signa-

ures. 
Finally, the microbiota functional compositions were predicted using

ICRUSt [25] . The OTU abundance table was normalized and then the
etagenome functional predictions were performed and mapped on Ky-

to Encyclopedia of Genes and Genomes (KEGG) orthologues pathways
26] . STAMP software (version 2.0.8) was used to differential analysis
nd visualize the results [27] . 

.4. Statistical analyses 

Statistical analyses were implemented using QIIME, R and STAMP
oftware. Fisher’s exact test was used to evaluate categorical variables.
npaired sample Student’s t -test or Wilcoxon rank-sum test was used to
ompare the differences of continuous variables between two groups.
tatistical tests were all two-sided, and differences with P < 0.05 were
onsidered statistically significant. 

. Results 

.1. Participant characteristics 

The demographic and clinical characteristics of SSN patients and
Ns are shown in Table 1 . All patients are northern Chinese and clini-
al characteristics, including age ( p = 0.938), gender ( p = 0.264), BMI
 p = 0.065), smoking history ( p = 1), tumor location ( p = 0.285), and
NM stage ( p = 0.454) were paired between these two groups. Although

ymph node metastasis and pleural invasion were only found in SN
roup, the differences were not significant. Meanwhile, inflammation
nd lipid-related parameters also showed no significant difference. 

icrobial profiling of lung adenocarcinoma and paired normal tissue 

A total of 56,16,903 effective taxon tags were analyzed after se-
uence de-noising, trimming and chimera filtration. The reads were
lustered into 1436 OTUs at 97% similarity cutoff, with 1418 OTUs in
ung cancer tissues and 1431 in normal tissues ( Fig. 1 A). The sequenc-
ng depths were evaluated by plotting the rarefaction curve for each
ample (Fig. S1A). Most of the samples reached plateau, indicating that
he sequencing depth was adequate. Cq values of 16s were 39.6, 39.4
nd not detectable in three negative controls, which indicated the influ-
nce of contamination could be neglected. Furthermore, we compared
he alpha diversity between LUAD tumor and normal groups. LUAD tu-
or tissue samples tend to have a lower microbial richness (number of
TUs, p = 0.95, Fig. 1 B) and diversity (Shannon index, p = 0.13, Fig. 1 C,
ig. S1B) than paired normal tissues, although the differences were non-
ignificant. We then assessed the overall microbiome composition be-
ween the two groups. PCoA and PERMANOVA analysis did not find
ignificant differences between tumor and normal tissues when consid-
ring Bray Curtis (R 

2 = 0.019, p = 0.097, Fig. 1 D–E) and unweighted
nifrac distance (R 

2 = 0.013, p = 0.616, Fig. S2). However, normal tissue
eemed to have a left shift in Fig. 1 D. 

We next compared the relative abundance of microbiota composition
f LUAD tumor and normal lung tissues. At phylum level, the propor-
ions of Actinobacteria and Proteobacteria increased, but the proportions
f Firmicutes ( p = 0.036) and Bacteroidetes decreased in LUAD tumor
issues compared to that in normal tissues ( Fig. 1 F). At genus level,
hodococcus and Ochrobactrum were main compositions in both tumor
nd normal tissues ( Fig. 1 G). Furthermore, we found 54 statistically sig-
ificant different genera between these two groups ( Fig. 2 A). The rela-
ive abundance of probiotics, such as Lactobacillus ( p = 0.018) showed a
3 
otable decline in tumor tissues. Moreover, we performed LEfSe analysis
o identify biomarkers that may discriminate between LUAD tumor and
ormal tissues, which revealed 40 discriminative features (LDA > 2, p <
.05, Fig. 2 B–C) at the class ( n = 4), order ( n = 6), family ( n = 10) and
enus ( n = 20). Interestingly, we found that tumor group was associated
ith Parvibaculales, Parvibaculaceae , and Parvibaculum at order, fam-

ly and genus level, respectively. Renibacterium and Ancylobacter were
rominent genus level biomarkers. For normal tissues, Lactobacillus was
he strongest marker regardless of species levels. 

KEGG pathways enrichment analyses were performed to explore
unctional differences of the microbiome in tumor and normal tissues.
lthough the functional composition of these two groups was highly
imilar, cGMP-PKG signaling pathway was significantly less abundant
n tumor than normal tissues ( p = 0.03, Fig. 2 D). 

ssociations between lung microbial species and clinical characteristics 

To further explore the potential roles microbiota played in LUAD,
e investigated the relationships between the relative abundance of
enus features ( n = 20) and several clinical indices using Spearman’s
orrelation analyses ( Fig. 2 E). The abundance of LUAD-enriched genus,
Eubacterium]_nodatum_group , was positively correlated with neutrophil-
ymphocyte ratio (NLR, r = 0.361, p = 0.033) and platelet-lymphocyte
atio (PLR, r = 0.458, r = 0.006). The abundance of Finegoldia was neg-
tively correlated with pleural invasion ( r = -0.353, p = 0.038). And
e also found a negative correlation between Renibacterium and lymph
ode metastasis ( r = -0.343, p = 0.043). In addition, the lipid-related
arameters total cholesterol (CHOL), triglyceride (TG), and low-density
ipoprotein (LDL) were positively or negatively correlated with different
enera. 

.4. Detection of LUAD based on the lung microbiota 

Based on features identified by LEfSe analysis, we constructed a ran-
om forest model to differentiate tumor and normal tissues. All 71 sam-
les were randomly split into the training set (70%) and test set (30%)
or model calibration and validation. All the 20 genera were selected
ased on the feature evaluation step. In the training set, this model had
n AUC of 0.879 (95% CI, 0.786–0.972, Fig. 2 F). We used the test set
o further evaluate the model and reached acceptable predictive power
AUC = 0.806, 95% CI: 0.624–0.987, Fig. 2 F), albeit lower than that in
he training set. Moreover, 10-fold cross-validation was performed five
imes for model assessment, resulting in an average AUC of 0.813. These
esults suggest that our model has stable performance and may provide
 possibility for clinical transformation. 

.5. Distinct tumor bacterial microbiome between subsolid and solid 

odules 

Microbiome profiles are different between SSN and SN. SSN group
wns 102 distinctive OTUs while SN group has 232 unique OTUs
 Fig. 3 A, Fig. S3). At phylum level, both SSN and SN were mainly
omposed of Actinobacteria, Proteobacteria, Firmicutes, and Bacteroidetes

 Fig. 3 B). SSN had significantly higher abundances of Chloroflexi

 p = 0.009) and Gemmatimonadetes ( p = 0.018). At genus level, Rhodococ-

us and Ochrobactrum are main compositions in these two groups
 Fig. 3 C). Furthermore, 53 diverse abundance genera were found using
ilcoxon rank-sum test ( Fig. 3 D). Remarkably, SSN group has higher

bundances of Cloacibacterium ( p = 0.003), Subdoligranulum ( p = 0.002),
nd Achromobacter ( p = 0.001). 

For alpha-diversity, SSN group has greater bacterial richness
 p = 0.017, Fig. 4 A) and diversity ( p = 0.17, Fig. 4 B, Fig. S1C). We then
ssessed the microbiome composition of all tumor tissues with beta-
iversity values. Both PERMANOVA and PCoA analyses confirmed SSN
nd SN have statistically different microbiome composition when con-
idering unweighted unifrac distance (R 

2 = 0.085 p = 0.001, Fig. 4 C–

http://huttenhower.sph.harvard.edu/lefse/
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Fig. 1. Microbial profiles of lung adenocarcinoma and paired normal tissue. (A) Different operational taxonomic units (OTUs) between tumor and normal tissues. 

(B) Richness was evaluated by the number of OTUs. (C) Shannon index of tumor and normal tissues. (D) Principal coordinate analysis (PCoA) using Bray Curtis 

method. (E) PERMANOVA analysis using Bray Curtis method. (F) Species composition at phylum level. (G) Species composition at genus level. 
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) and Bray Curtis (R 

2 = 0.05, p = 0.013, Fig. 4E–F). The microbiome
omposition and species abundance similarity of all tumor tissues was
hown in Fig. S4. Moreover, LEfSe analysis revealed 54 features that may
iscriminate SSN and SN (LDA > 2.5, p < 0.05, Fig. 5 A–B). Consistent
ith composition differences, Chloroflexi and Gemmatimonadetes were
etected as potential markers for SSN at phylum level. At genus level,
ncreased bacteria such as Cloacibacterium, Subdoligranulum , and My-

obacterium and decreased bacteria like Lachnoclostridium were strong
iscriminative features for SSN. 

Furthermore, we constructed a predictive model to discriminate SSN
rom SN. According to LEfSe result, 26 genus features were selected
s candidate signatures. After feature elimination, the best perform-
4 
ng model was selected as the final model, with five genera signatures
 Fig. 5 C). SSN could be accurately discriminated from SN using random
orest algorithm with a sensitivity of 1, specificity of 0.8, and AUC of
.950 (95% CI, 0.852–1.000, Fig. 5 D). To further verify the accuracy of
his model, we performed 10-fold cross-validation for five times, result-
ng in a mean AUC of 0.933. 

16s functional predictive analysis also showed differences between
SN and SN groups. KEGG pathway comparisons found oral microbiome
elated pathways, salivary secretion ( p < 0.001) and gastric acid secretion
 p < 0.001) were significantly enriched in SSN but not in SN ( Fig. 5 E). In
ddition, endocrine and other factor-regulated calcium reabsorption and
wo other pathways were also different between these groups. 
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Fig. 2. Identification of predictive biomarkers for lung adenocarcinoma and functional prediction. (A) Top 20 differential genus between tumor and normal tissues. 

(B) LEfSe analysis identified 40 markers at different levels between tumor and normal tissues. The first letter indicates taxonomy level, p: phylum, c: class, o: order, 

f: family, g: genus. (C) Cladogram of bacterial lineages with significantly different representations in tumor and normal tissues. (D) Differential pathways at KEGG 

pathway level 3. (E) The relationships among clinical indicators and genera features. (F) ROC curve for the training set and test set. ∗ p < 0.05, ∗ ∗ p < 0.01. ROC, 

receiver operating characteristic; KEGG, Kyoto Encyclopedia of Genes and Genomes. 
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This study demonstrates, for the first time, the distinct tumor bac-
erial microbiome between subsolid and solid nodules. Increasing ev-
dence suggests that reduced microbiome diversity is associated with
5 
oor survival of cancer patients [ 28 , 29 ]. Our findings that SSN tissues
ave higher microbiome diversity than SN is consistent with the fact
hat SSN is less invasive compared with SN and patients with SSN have
onger recurrence-free survival [4] . Therefore, this study provides new
lues to the indolent nature of SSN in the perspective of microbiome.
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Fig. 3. Microbiome profiles of LUAD manifested as SSN and SN. (A) Different OTUs between SSN and SN. (B) Species composition at phylum level. (C) Species 

composition at genus level. (D) Top 20 differential genus between SSN and SN. ∗ ∗ p < 0.01. LUAD, lung adenocarcinoma; SSN, subsolid nodules; SN, solid nodules; 

OTUs: operational taxonomic units. 
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n addition, consistent with previous findings [ 16 , 30 , 31 ], we also found
imilar microbiome composition between LUAD tumor and normal tis-
ues. Furthermore, microbiome signatures showed good performance to
redict LUAD or SSN, which may provide a possibility and reliability for
linical transformation. 

Most previous studies on the lung microbiota were based on bron-
hoalveolar lavage, bronchoscopic brushing, or sputum samples, and
ew directly characterized the microbiome in lung tumor tissues [ 16 , 32 ].
ncreasing evidence revealed that alpha diversity is higher in non-
alignant lung tissues than in tumor tissues [ 16 , 31 ]. Beta diversity,

r overall microbiome composition is not significantly different be-
ween normal and tumor tissues. A study by Yu and colleagues demon-
trated that Proteobacteria, Firmicutes, Bacteroidetes , and Actinobacteria

ere core microbiota in lung tissues at phylum level [33] . In this study,
e also found a declining alpha diversity in LUAD tumor tissues, and

ore microbiota was similar to Yu’s finding. Although overall micro-
iome composition and functional pathways were similar between tu-
6 
or and normal tissues, we still found some differences. Lactobacillus

as reported to show anti-cancer effects in various cancers [ 34 , 35 ]. Lac-

obacillus could exert direct cytotoxic effects on cancer cells and has var-
ous immunoregulatory functions [34] . Our results showed an obviously
ecreased abundance of Lactobacillus in LUAD tumor tissues. cGMP-PKG
ignaling pathway was known to regulate cell apoptosis and prolifera-
ion [36] . Several studies demonstrated that cGMP-PKG signaling path-
ay could suppress Wnt/ 𝛽-catenin signaling to inhibit tumor cell growth

36–38] . In this study, we found that cGMP-PKG signaling pathway was
ignificantly less abundant in LUAD tumor than normal tissues. 

Lung adenocarcinomas manifested as radiological subsolid nodules
ere defined as a special clinical subtype [4] . SSN are considered to
e more indolent and less aggressive than LUAD manifested as SN. The
revalence of lymphatic metastasis was lower in patients with SSN than
n those with SN. In this study, we also found the lymph node metasta-
is or pleural invasion were more frequency in SN. However, the micro-
iome properties of SSN remain unclear. Only one study tried to char-
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Fig. 4. Microbiome diversity between LUAD 

manifested as SSN and SN. (A) Richness was 

evaluated by the number of operational taxo- 

nomic units. (B) Shannon index of SSN and SN. 

(C) PCoA using unweighted unifrac method. 

(D) PERMANOVA analysis using unweighted 

unifrac method. (E) PCoA using Bray Cur- 

tis method. (F) PERMANOVA analysis using 

Bray Curtis method. LUAD, lung adenocarci- 

noma; SSN, subsolid nodules; SN, solid nod- 

ules; PCoA, Principal coordinate analysis. 
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cterize the microbiota in SSN [39] . They found that Mycobacterium

as the core microbiota found in SSN, and two functional pathways,
econdary Metabolism and the Serine Threonine protein kinase were
ignificantly increased in SSN over normal tissue samples. Neverthe-
ess, they did not compare the microbiome between SSN and SN. In
he present study, we, for the first time, characterized the different mi-
robiome between SSN and SN. Higher diversity of SSN than SN sug-
ests SSN is less malignant, which also supports the observation that
SN is more indolent than SN. PCoA and PERMANOVA showed signifi-
antly different overall microbiome composition between SSN and SN,
hich also provided evidence that SSN is a special subtype. Moreover,
e found elevated Chloroflexi and Gemmatimonadetes in SSN group. In-

erestingly, increased genera, including Cloacibacterium, Subdoligranu-

um , and Mycobacterium were detected as potential biomarkers for SSN.
ycobacterium tuberculosis and Mycobacterium avium complex are con-

idered to relate to lung cancer [ 40 , 41 ]. Another study found that 6.5%
f patients with pulmonary nontuberculous mycobacterial disease, also
ad lung cancer [42] . These epidemiologic links are mechanically in-
erpreted by chronic inflammation-associated carcinogenesis [43] . The
ersistent infection of mycobacterial organisms in the lung can induce a
ro-inflammatory response to local tissues and then trigger the release
7 
f factors that may support the outgrowth of premalignant cells. Be-
ides, Cloacibacterium, Subdoligranulum were also reported to relate to
hronic inflammation [ 44 , 45 ]. And Achromobacter infection may mimic
ung cancer [46] . These results indicated that microbiota in the local
icroenvironment may also contribute to the initiation and progres-

ion of SSN. We also found function differences between SSN and SN.
alivary secretion and gastric acid secretion were significantly enriched
n SSN but not in SN, which means that SSN may contain more oral-
erived microbiota. Furthermore, endocrine and other factor-regulated
alcium reabsorption was different between SSN and SN. Calcium ion
s an important second messenger within cells, which can participate in
he development of tumors in various ways [47] . Thus, the abnormal
bsorption of calcium ions in cells may associate with tumorigenesis. 

Recently, Poore et al. proposed a novel cancer diagnostic approach
ith preferable accuracy through microbiome analyses of blood and tis-

ues [48] . They found unique microbial signatures in tissue and blood
ithin and between most major types of cancer. Likewise, in current

tudy, we identified microbial signatures to differentiate LUAD tumor
nd normal tissues, as well as SSN and SN. LEfSe analysis was used to
dentify potential markers and machine learning was applied to identify
icrobial signatures. Although the microbiome diversity between LUAD
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Fig. 5. Identification of biomarkers and functional prediction. (A) LEfSe analysis identified 54 markers at different levels between SSN and SN. The first letter 

indicates taxonomy level, p: phylum, c: class, o: order, f: family, g: genus. (B) Cladogram of bacterial lineages with significantly different representations in SSN and 

SN groups. (C) 5 genus signatures to construct the predictive model. (D) ROC curve for the random forest model. (E) Differential pathways at KEGG pathway level 

3. SSN, subsolid nodules; SN, solid nodules; ROC, receiver operating characteristic; KEGG, Kyoto Encyclopedia of Genes and Genomes. 
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umor and normal tissues were similar, some species had different abun-
ances between these two groups. A 20 genera-based signature showed
 good diagnostic accuracy to discriminate LUAD from normal tissues
n both training and test sets. Meanwhile, a five genera-based signature
an accurately discriminate SSN and SN. In addition, cross-validation of
hese two models results in reasonably high predictive powers as well.
ur results indicated that microbiota may become a novel tool for can-
er diagnostic. 

We also recognize several limitations of our study. Although 16s
RNA gene sequencing is widely used for microbiota characterization, it
as great limitations in species level analysis and functional prediction.
urther study using metagenomic sequencing may provide a deeper un-
erstanding of the characteristics and function of microbiota in lung
b  

8 
ancer. In addition, the number of patients and samples included are in-
ufficient. Bacterial derived metabolites play important roles in tumor
evelopment and may strengthen the accuracy to diagnosis lung ade-
ocarcinoma. However, we didnot make metabolome analysis in this
tudy. Future studies with large sample sizes and more rigorous designs
re expected to further comprehend microbiota in lung cancer. 

. Conclusions 

To our knowledge, this is the first study that investigated tumor mi-
robiome diversity between subsolid and solid lung adenocarcinoma.
arly stage LUAD manifested as radiological SSN has elevated micro-
iome richness and diversity compared with SN, and the microbiome
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omposition of SSN is distinct from that of SN. Our finding is consistent
ith the fact that SSN is less invasive compared with SN. Therefore, this

tudy provides new clues to the indolent nature of SSN in the perspective
f microbiome. In addition, we found similar diversity and microbiome
omposition between LUAD tumor and normal tissues. We also uncover
he microbial signatures associated with LUAD or SSN and develop ac-
urate genera-based predictors for clinical diagnosis. 
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