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[ Abstract ] Due to the advancement of 16S rRNA sequencing technology, the lower respiratory tract microbiota,
which was considered non-existent, has been revealed. The correlation between these microorganisms and diseases such as
tumor has been a hot topic in recent years. As the bacteria in the surrounding can infiltrate the tumors, researchers have also
begun to pay attention to the biological behavior of tumor bacteria and their interaction with tumors. In this review, we present
the characteristic of the lower respiratory tract bacteria and summarize recent research findings on the relationship between
these microbiota and lung cancer. On top of that, we also summarize the basic feature of bacteria in tumors and focus on the
characteristic of the bacteria in lung cancer. The relationship between bacteria in lung cancer and tumor development is also
been discussed. Finally, we review the potential clinical applications of bacterial communities in the lower respiratory tract and
lung cancer, and summarize key points of sample collection, sequencing, and contamination control, hoping to provide new
ideas for the screening and treatment of tumors.
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H T B X Rl A= M R AR A T R A= B 77, SR
4T PP Y 2 A R TC RN o SR, ROV e st 25 1Y
FARAME N LR B T RUAE AL, 5 D0 B SRR s AT
V30 B4 I S P AT R T AR5 I B 20104F, Hilty
SR — YR S A B AN16S rRNAN 4 ARER] T R I
R TEL 200 T R P, IR 7 T | P L P g £
IR P S R AR B2 S, TR T %R WP G
FEAIBIESE . i T I AF R W T I il i A A VI E R S ieina
OB 15 E H SO, —LeRE 5T n 35 HR T
TE RS TR K AR R EFING YT BIRENEo [R]I, T2 0
Foft FF B T8 A R A BIE 5 120 S — 5 L TN A A
Y55 MR Z 181G RIS . ST IR N U5 BT b Y
v B AT P A Gl A R o AR S BT A 22 5, ASSORE
N7 AT E R AR LB AR SR IR R, A
AR AR R A A R SO, IR s i PR 1
FHHT S BEAR, AR SCULE % 35 it & A 78 rh A AU
B L DNy AR Pl A 25, NI BB G M PP AG A AT T 4 e
AT RE LA B BB B 45 2R, A B 0 D e A
PREEAS FSE TR 2 R BRI .

1 TIEREEHR

TE N FUGE D, A H R S AT
IEEGE, A B R £ 100-10,00017 , il PN 47 JE K
AR 252200 20 B HE DR 20, B 5 it ZH 2 10°-105 140
T 70 SRR ST % T T P IR S B R 10 A ) 7 R -
LRIETE LR | A IR IR LRIl A A 2 i 37 A R R T
TR SR S TR AR S P — 2, PRIAT L
HEDNHE T2 R TP B IR AT, A 2 R
HEAHUAT L] (Bacteroidetes) | JEREE]] (Firmicutes) | A%
JEW ] (Proteobacteria) FIEZREE ] (Actinobacteria) B9, 3%
T IRIKHEE (Prevotella) | HEEKEEJE (Streptococcus) . Fo
[REKTH R (Veillonella) | 7355 J& (Neisseria) | FEILAT A&

(Haemophilus) FIRFT & ( Fusobacterium) J&={tHE AN
FEHE dr vy AR TR 51 il PR TR A B B R s PR R R Y
ARTR ARG | AR, AU IR TS PP R A SR e S
S, P& AR B A G — 4580,

SRR E S S B A 3R AL WERR A
[Fi) A e ) R T B4 7 R (AT R R R A K AR R ) 1),
X3 PR R AR 25 RS IR 3 6 3 A SR I TR R 2R
I, an'E B D BERE AT B S 2 Y A B I A, TR A ER
PR S R T B BR AN TR A RE T RAIR, SRE SR

P ER Jey A A S B T B S T I X S o 22 S
ST o W I B ) A O T Y e B R A R B A
SOE M AAE TR MBI, i i 8 SR
B M R AT s[RI AR AT T
et E WA AR, TR SRR AR A5 A A
A= ARDRER o X LU Fe AR I T B (9 e
PR, TR 8 A Y T Rl e O S AT O 70 T X
( pathogen-associated molecular pattern, PAMP ) F1{Ci{4)
P e JAE ST XA FRIBOKR 1 T S5 15 1 g% m
AE- O IR TR PR 5 8 K AR DA BB 0 Rk A 2R
filo

2 TMEREERSHENXR

FROR e BN, s 98 R85 T WP 3 T R 1) o
FEAIG, PL#JE R Prevotella (20%) | Streptococcus (12% ) il
Veillonella (8% ) U121, HAE/NAH A8 (non-small cell lung
cancer, NSCLC) F/INR B i 958 (small cell lung cancer,
SCLC) [T MR B R 22 18] A7 7 I 25 0 20 I 22 5 o WG
S0 il 9 R8T IR G S R LR S0 A R T R Y
PRRE L B 2) IR, A7 AN 0 R 3 AR L T AR A7 10
SR, TS IR S A AR B A W 1 R it 5 T A AR B A
oho b P I TE G A ) 4 R AL, R ) RT e
K, X EGLE B RE S BUS Z WA R AT RE S
FI4IA /217 (interleukin 17, IL-17) | WA BEAILEE3 -

(phosphatidylinositide 3-kinase, PI3K ) , A 225 24 G L R
P T (mitogen—activated protein kinase, MAPK) Fl4Hfish
VTRV (extracellular regulated protein kinase, ERK)
SEEE B R G,

T IR TR 2R LS R R R Y RR OC R TR R
Frbo ZALITT R IE B R T R 3 A O S - S R A
SO | 5 G A I R B DL AR sl R R AR
IR 0 A A R A S 1S, B8 T Veillonella . Prevotella il
Streptococcus/ 1 AS494fifd ZR ER K FIPI3KGH [t i & 503,
AN BB AR 2 EIRIIL-1B FIIL-23 B /KF, % I8 Th7
My S TN, 755 JAE H B4 9E g & 21 041 AE K PJi
T/ NI, Veillonella )5 | AfH/NRAAE AR L A B U8
B g e SN, [WIEEE N AR SE T 2 A Th17 401
AR AR, TL-17 K b, iifed P A: R ek 4q A 7

[ BZEWEALFT (Lactobacillus rhamnosus GG ) B AU FT 5

(Bifidobacterium) | 55 M A K BULE Jifi N S e 4 il 1 S ER
855, WL 2 AR el e T 240 5 ik 3 50 5 e () B8
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T LASE I e 2580305 B RS TR, T R T R
THEEAT S R bR A L R BRI o il ol A=)
L BE AT AR SO PR S 38, R mT ATE fit G2 410 ol
TAEREEAIE A P I HE B HIRS),

3 BRI E AN AR LB A =

KT e N A P R R I S A B A i s A AT, O
AR AR e Ml (1) o JaE FE AL 1S 4] (The
Cancer Genome Atlas Program, TCGA ) $0#5/%[196.4x102 4%
WP L 80, 7.29% AR N B ; TEx 2e9E A%k
Parh3s. 2% ATA | il R RE AL A1), T AN A
FREARARE, 1320.1%-109% MR AR HEHH A TE AR 17, 16S rRNA
I 45 R e WY g A A A 22 TR G B PP (G+) T,
FEAEF 2 QP BN (G-) T, EZELMRARIEEE T
TAAMME AN AN N, H—JBE 5 7E 20 M 5 rh =) A il
Hh, RN N R A T D B s, 0 R T A R A e AR
FETTAHMI PN BN B AT RE R A R R T 2, SRR
YRR R = RN TR (AL TLAAN ) , A SR A AR AR
INFIIEARE,

— BRI, IR N TR () A ) 22 RV T X 1 9 1
HLHL, X7 AT RE 2 DR A HOMARR (Y TR B S R PR
JRBLLCAH TR AN, E AT IR 20 2 0 55 R I A 4L
PR BE AR LA, 25 A 5E s 20 251 A —30 .
i e A TR 2 R IR HL AL (R 48 B it i 2 2 s 55
JiZH 2R PR ZAE I S 2 (IR T MR R S B DRI AR,
TS it PR S 14 4 A T R SR YR T A /N D) [RIEHX
SETRHE AT RE R A T IRE PR R GE (An—2Lk H T iE
YIE) , FIANAR LT IE R AL, Il 8P AE o 2 i
TR N — LE VR TR AR 22 IR A IS AR 8 s FE TR AL
PN B S AN SE B LA R 23 I A Sy i LA P AR S B T
EBIE PE RN 22 18 B AFAE, I i ed PN S e il i foA
55, 8 iR AT RS R RGP b A 200 TR A e i 23]

AR, L 2 AN [ e DR A i e A8 e v ) 4 TR 2
CARLA FTANIR] o it i s o %) 240 TR 67 o T I 0, R N T
REA A —E0s, A BEs th SRR (Thermus) FHXS
F= B Lot g o =y, 1% K B 1R & (Ralstonia) FINGFR A
J& (Acidovorax) SRR 24, FENfi @, AcidovoraxfEMLAH
HETPS35 78 [ - B 0 2

i 96 T ALk ) TR 53 552 i HG PN A8 A A e 1) 2H B A
Ko G ARI A . AR A NS CLCH A R 20 B i 5
TR R A A A E Y B R A B, DL R AR

I (T RERIE TR BT R R AR OCARTR ) @ AR
Jit e ) 2 T A i TR, T RE S A A R A S 1 1))
PRI PR,

Ji T N TR AN A IR & A R R <SR, L B4
T iR 2 S 1< R B ) eI A TR T A B 43 7T LA
L RER bz N I i o e T e 2 = ey 1R
JE 30 R T A1 a3 g 1 2 Jig 2522, CTNINBI (3 fcWnt/
B-cateninifi ) . HIF1A (¥ M%) MIVEGFA (W M M
A ) A5 PR 3R 3K AR5 T i P A0 TR A S TR OG5 i
TP73 (VR AIMLJE ) MITLRS (W5 BAR =R ) 5t
BRESfT 2 SR OC , — 26l R b -] S8 B A i BE A 3k
K- 55 i 988 AR T ST A AEAR DG OC AR, IR 7 88 P 40 T T
REA TR R e RL I RE 5 0s) A, e A T S g i 40
AT LA 35 AN A 20 ) Wit/ B- catenin 5 38 [,
WG TRAT #3200 T A A= e 200 0 BB 52 8 200 TR 32 e ),

4 TIERGEEET/ fhkENER IR RN R E

4.1 R0 JE 5 A TN il 9 R A L il 4 2
SR R IIE A s C NI I | JIVEEY . 3R o

(Lachnospimceae) . M )E (Faecalibacterium) | B8 B EK
)& (Ruminococcus) FIZHICE (Roseburia) 5 Z 1
FROG, T B e RE R ICIA B (Koribacteraceae) AIT/R 4
BUFAYTIE R,

TE LI il 988 26 2 b, 52 O A R e oAk P AR R A
W& (Delftia) - B S M Bifidobacterium=F 3 HAK | i
AL AU A BRIEE (Staphylococcus) T 22110 2 f0FT &

(Bacillus) FIRE ZEMFT R (Anaerobacillus) /0, FH
R S S Tl PR O YR KT IV A R A R AT DA 2 TN
IR A 52 R RS A 35 AR AT 2090, TTTITB -1V 481 i
P R b WP T A P 2 BRORERL, R Y RT R
Ko ML T 58222 (complete response, CR) B 7122 fiff

(partial response, PR) AT, JIRd itk i £85I P G
WHE R Veillonella, Streptococcus ., Prevotellafll % [ J&

(Rothia) ¥,

4.2 MRNGYY HETAR AT RRIRGE R S S8Ry T BCR
FHOC BB 5T, (ELTE i T TR AR S50 1) AH DG A 9 AT DA A1k
%o 20184F, Routy55B1 A& BUATAE 225200 S L A6 Ax s A 57

(immune checkpoint inhibitors, ICIs) Byl IR %5, XICIs
M S, FHAN ] 7 (14 SR AN S C L C AR 35 114 g 1 200 T 20 i L A 22
St o W 1B TC A far 88 /N ERTEAS AB XS TC Ts Wi W7 () S B S 2R )
Ji T DABETR X TCTs ) BB 133,
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Tab 1 Research on the bacteria in lung cancer and main findings

Authors, Year Sample size Main findings
YuG,etal. 31 (lung tumor)+ 1. a diversity was significantly higher in non-malignant lung tissue than in tumor tissue.
201624 31 (non-malignant lung 2. Compared with squamous cell carcinoma, tissues of adenocarcinoma had increased

Greathouse KL,
etal.
201821

Peters BA, et al.
20790

Nejman D, et al.
20201

Wong LM, et al.
202039

Patnaik SK, et al.
2020“%

Leblond N, et al.
2021122

Leng Q, etal.
2021mm

Rolle A, et al.
202208

tissue)
1255 (lung tumor)+
1256 (non-tumor adjacent

tissue) (from databases)

19 (lung tumor)+
19 (remote normal lung
tissue)

245 (lung tumor)+
231 (normal tissue)

930 (lung tumor)+
930 (adjacent normal tissue)
(from databases)
48 (lung tumor)+
48 (adjacent non-tumor
lung tissue)
29 (lung tumor)+
29 (healthy adjacent tissue)
31 (lung tumor)+
31 (noncancerous lung
tissue)
12 (lung tumor)+

12 (adjacent normal region)

relative abundance of Thermus and decreased relative abundance of Ralstonia.
1. There were distinct microbial populations within squamous cell carcinoma and
adenocarcinoma.
2. Among squamous cell carcinoma, Acidovorax was more abundant in smokers and
patients with TP53 mutation.

1. Lung cancer tissue had lower richness and diversity than, but compositionally similar to
paired normal lung tissue.
2. Families Koribacteraceae and Lachnospiraceae in lung cancer tissue were associated
with reduced RFS and DFS.

1. The bacterial load of lung cancer was at an intermediate level among pan-cancer.
2. Compared with other tumor types, metabolic pathways that degrade chemicals in
cigarettes were enriched in the bacterial community of lung cancer.
3. Several metabolic pathways related to the biosynthesis of metabolites that can be used

by plants were enriched in bacteria of lung cancer of smokers.

Age and gender were important factors affecting the bacterial composition in lung

cancer.

Due to the low abundance of bacteria in tumors and adjacent tissue, the results were
susceptible to contamination and the authors did not compare the bacteria in these two
types of samples.

Enteric, potentially pathogenic and pro-inflammatory bacteria were more frequently
found in cancer than healthy tissue.

Compared with noncancerous lung tissues, Acidovorax was overrepresented in squamous
cell carcinoma tissues and Capnocytophaga DNA was enriched in adenocarcinoma
tissues.

1. In tumor microenvironment, bacterial burden was significantly higher in tumor cells
compared with other types of cells.

2. Genes involved in the Wnt/3-catenin, hypoxia, and angiogenesis pathways showed a

strong positive correlation with bacterial burden.

RFS: recurrence-free survival; DFS: disease-free survival.

Jits A R R 5 M T TR R AR 22 AR RLAL , 1 T AR
AN R A V38 HAFAE R G RGP Ay S 3 9]
P P -l A (B0, A SR RENS A A A TR R
5L L, DA RIAUESECORE R . A d T ie A
EEER R 2E AR AN 4 22 (R) Y 28 HLAE
SR ey o e [ S RIS BIE O] eicy s o I A DS EZS
ML AT LKA P A B HEA A, 11 AR A
WA P e i 18 4 P i AN o RIS, g 1 DR nT LA i
PAMPsTH T B4 ML 4k | 51k . Sr U AR R 5, 3k Ee 4
JL S 5 AT L3 3 2R RO LA A L YR A i 2 P 3 28

R, TR 532 e il 2R ) A R 455 TR R RS
X TCTs Wi L7 4 R JIC Wi J7 45 1149 1 T %oF LG BF 9 (8 ) 4 2R
AP Wi i T AN R RS R, DR
o T8 T DA JSEBE TR Ol 325 03X BB XS TCTs Wi [ 14 Jiev e P4 14 3
CD8* TARMEIREIE N . - RER TN ( myeloid
derived suppressor cells, MDSCs ) VR D AR T AR
(regulatory T cells, Tregs ) #2ilHU/b . ABRATRE, LefEls
B FH 25 AW AT AR 2R R R T P I T R A 2H Y
/N B P I 2 A% J e W kb, LR P AR TL- 101
Tregshik /b . FISRARA (natural killer, NK ) 21 Jfd 16 P34 58
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/INERZEALE A Lactobacillus rhamnosus GGJii, B 2R 40 Y
( dendritic cells, DC ) FINKZHMIE M FIH, M2AHICHR R
1110, Idoﬂllrf‘!i'%ﬁ?iﬁ] , AR ,jr—[B ( transforming
growth factor B, TGF-B ) FIFIFIEZEE2 ( prostaglandin E2,
PGE2) KA TS MMUHEREIL- 128 TR
P XF5 (interferon regulatory factor S, IRFS ) B L,
Z AL A Lactobacillus rhamnosus GG Bifidobacteriumif v L)
RGO 25 ER] . XS R R T S il
FEARALL, it PN R AL AT Ay SR I AR IS s B MR VR 7 (1
T BDHE
4.3 WARTERE MIREAS T 0 I A Y DNA (blood-based
microbial DNA, mbDNA ) AJ LI AERR 115 B, 5] 51
g, AT LASE BUORE—Rhoi b 5 Al R AP gEA T X, T
B P b Iz J R R LRI R 22U A W 2 B R
B, AT LU A M mb DN AKE i 68 £ 5 5 (e B N A i b
RS RRI: ) FEF R kel

s WS TIFREERY A ERER IR ER

5.1 FEACREE IR R ASIEAAT R CZH L S
BB SR I RE VR IR . AR I BRAE ARG <%
e,

AT CTHE AR RN S S8 TR 5 IR 100G R4
I TP IR o — DN i 14 S A8 AT ORIl e 1
FEFHCR MM E RAEY RS s QA A58 0O E RIS i
TR B S TR . RSO 55 1E L WA IR A TR R
Xof BRI, R i R T IR IO, R A PR S A AR R
AR T A A BT P BT 22 5
5.2 MFHAR 168 rRNADNF 2 HFTN iR Z 5T T~
IR / s e AT TR R ARG 7 125 0 168 rRNA T BUAL E91 i
AEIX (V1-v9) LR AE AR R s EOR T A DX Ik Horp, vl il
VRS, S AT AN RN Z R A B B A S 48,
ﬁﬁNejman%mXﬂ“MS rRNAZEA A5 XS4 79 3 A
J7, AT — R VAT V3 -Va Y BRI 4R i T
FEA 2 BRI
5.3 TP kTS Y A5 MR T R OCHE AR T
T S IR N R A R D, AR TS G BT
T 1 25 SR AE A 0 N A 4 T Y TG R U UL
TR, R S E TS, WRR R AR A A i i 2
SRl AT BRI (]I 10 s 5 52 50 28 V5 44, 7EDNA
FEEURIER A 5% XS (polymerase chain reaction, PCR)
P AR RCE M IRCL, SR, X s AT AR A B

WREA BB TS S T

6 B

F T e S s R vl N A U e 2 L A B
Yo FIREE, AN TR T 2 R S MR IR S AR DE L Y D) g
SRR, JERL T MRR A B A . X SRR LA ) X
T T T AL S TR 58 SR ST )55 8 I 5 e R ) A
FUR o EHT A I 22 0GR WP TR / i 9 P9 R R A
it £ R RN | It e 2 RN T i ZH 2 ] ) 22
SR WL R I A TR RG22 i, XN T
W T R A/ i P TR R 52 31 DR B | 28 s e L e
VRIS % 55 25 A B S M R o R AR T i T 2 1 B
()22 S AR TR R AR, B PR T 1] R AR TR 26 2 S Al T
LM T RE B A B A A — Bk, I BE= 0 M
S S A ot TEE A 200 TR X B 5 18 3 3 AR HG T R T g e i
i A

N Al = 2 1) B B0, i 98 PR kR 40 T e A T LA
A CHDNARA MK RS, HTH AL AR
TR, AT DA IR R A T R ), X T b
O SHERE PR 5 AR Y it Jia U B 1 o TR By b, Gl
it Z5 AL ABTAE RN, T LASH S8 I A 80 8 45
R M, T AR S 00E 2 B R U M 18
FERYLH I, AR BRI BOCR oAb, KR i iE L
Veillonella Ay 02 ) S i B TR P LA SO0 At s 282 A2 K B
AR o T WIS TR A S ety 7 o A T |- B
B SR, T WP OE B/ s N B A A AT =
B RE, 5 Y0 TS e A A S A PR 2 B i, ey
T2 by EURE LA R 5 000 P ol 7 e 4 g ek S it 8 p e A
FERIRHE
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