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Microbiota distribution in oral and esophageal sites of esophageal squamous cell
carcinoma patients
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Abstract Objective To investigate the distribution characteristics and correlation of paired oral
and esophageal microbiota in patients with esophageal squamous cell carcinoma (ESCC).
Methods A total of 46 pathologically confirmed ESCC patients were enrolled, and oral swabs and
cancerous tissue samples were collected. The microbial composition was analyzed using 16S
rRNA gene sequencing, and bioinformatics methods were employed to compare the microbiota
diversity, compositional differences, and correlations between the two sites. Results The Alpha
diversity of the oral microbiota in ESCC patients was significantly higher than that of their
esophageal microbiota, though the overall community structure was similar between the two sites.
LEfSe analysis revealed that Spirochaetes, Prevotella, Catonella, Enterococcus, Fusobacterium
periodonticum, Veillonella parvula, Capnocytophaga sputigena, and Neisseria subflava were
significantly enriched in ESCC tumor tissues. In contrast, Actinobacteria, Proteobacteria,
Streptococcus, Neisseria, Haemophilus, Streptococcus mitis, Haemophilus parainfluenzae,
Porphyromonas gingivalis, Haemophilus haemolyticus, and Prevotella tannerae were significantly
enriched in the oral cavity. Correlation analysis demonstrated significant associations between the
two sites at taxonomic levels such as Spirochaetes, Treponema, Granulicatella elegans, Neisseria
macacae, Treponema amylovorum, Fusobacterium periodonticum, and Neisseria meningitidis
(P<0.05). Conclusion The oral and esophageal microbiota in ESCC patients exhibit both distinct
differences and similarities. Oral microbiota may influence the esophageal microenvironment

through migration or local immune modulation.
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JBERACHTE R S/E (FHHES: K2025-B104) , Fra N4 EEHZEZmiE R =T,
1.2 ¥
1.2.1 FEAfitsE

MsHEARRE T E: ZIXETRETERET, FHLEHDERERKT (5.
CY-98000-P1, FINERMARHEAMRAF) , £ ESCC EHF O 4 NMNRIRE =, H=BFF
WRAAL AT RAE . KR e 3 G, M7 LBENTRREE, Jrilrshes T 5
EERAE . D FREARR RSN -80 *CUKFEIRAE, Bl 5 TUKigHm a7 AR . HEWEAK
I BT LI E N BRA RS, A BRI AL N TEAR A, R AR AL,
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1.2.2 DNA #&E{ } PCR ¥ #

WA B S R AR BURFI & (525 : DP302-02, Jbmt RARAEMBHEHIR AT BB+
(0 BRI A ) 2 5 DNA, SR Qubit ($7%5: Q32854, £[H Invitrogen A7) . N
T AR A AR I ) 7 G RS R, ARBTSUR A S R 16S rRNA I . SRE R SE i
S X 2 B FKFEFE L 1 umol/L, X} 5 R 16 S rRNA FEH[) 5 ANA[AEX (V2. V3,
V5. V6. V8) #H{T PCR ¥4, FIF] AMPure XT Bk (25 : A63880, 3£ Beckman Coulter
AT X PCR =i AT 44k, 18T Qubit % E & RGN R . B 5 R Agilent 2100
AT S A Tllumina SCPE 52 SlF) Gt G40 = AT IR VP A o 8 G bt 0 157 SC P
(GRE>03 ng/ul) SMERMRE)G, ZitHEBIRES, A NaOH ¥A A B RS ik

DNA. #£#4F lllumina NovaSeq 6000 “F- & 58 B il 7 (PE150 XD o
1.2.3 A=Y B¥0HT

B0 o Sl I AR AR 1 barcode HEATIX 4, I LIRS T I KR GIAREE . H AL
H fqtrim P00 5 B 24T Bl ok 38, EBRMIRBTER S (KEE<100 bp M1 N & &#>5%H)
51 o SRJ5 M Short MUItiple Regions Framework J5i%:384 7387 16 S rRNA 3£ [K F 5 4
P I FH, AT 2 % e 0 e, HERR LU AR A AT RE SN TS YL
FEFEAKSE . DNA $2ICH PCR 393 2 v 73 5 150 B [0 B AH o o B RE 2 AT
FE>30%M B F TS YN, JEFESG LR el T LGB, R FRVERE, By RA LT FTE
(I RENC . ST IR 5 IR RO, AT B A 2 RS R 2 S B A



1.3 Giit2E b

K F SPSS 26.0 fil R(v3.4.4) # M58 liguit- b e, nf ALK IE T GraphPad Prism 8.0 4=
1o R Wilcoxon 5 A 36 4347 €14 2 P T BE I 20 Alpha ZFEPEZE 5, 455 LA M(P2s,P1s)
FoR. HT Bray-Curtis #H B FEREREAT 3 ALFR 04T (principal co-ordinates analysis, PcoA) .
2 5] 01 (linear discriminant analysis, LDA) Z54 20N K/ (17772 (B LEfSe %
%), SE HIERHEYE R EYREY) (LDA #353>3) o SRHA Spearman #RAHIG/ T C s 5
EWEED] B PP LR, JEHEAHC R p. P<0.05 NZERAE SR Lo

2 &3
2.1 FEASI P 54

CEFEALL O TR, BRHSFEARDL T Fon. LA 19279 552 &JEIE75, &t s
FNL 38 f5 159 2 5 R & M 8dE 18 677 984 4%, Hi P ESCC B M s REASL 9 658 891 45+ 41,

JEHREARIL 9620 661 2F%. Q20 4 97.51%, Q30 N 94.31%; GC & &N 53.27%.
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Fig. 1 Venn diagram of oral and esophageal microbiota in ESCC patients



7E: A: Genus level; B: Species level.

2.2 Alpha T

H 7 Observed species $8%1 242.50 (207.75, 286.25) il Chaol 5%k 252.11 (213.61,
293.03) 5 T 4121 Observed species $E% 143.50(113.00, 180.00)F1 Chaol #8545 145.71(114.27,
183.13) , ZERAGHFE XL (P<0.001) , £ ESCC HEHERBFEERERTEE
HAWEE. A4, DOfEF Shannon F5%1 5.63 (4.80, 5.92) Al Simpson f5%1 0.95 (0.90,
0.97) &3E & T4 2 Shannon 6% 4.69 (3.99, 4.99) #l Simpson #5%7 0.92 (0.86,0.94) ,

KO REHAEY) Alpha ZA£4% 5T ESCC 44 (P<0.05) . LK 2.

B 2 ESCC ¥ N 5B A Alpha SRMAREIT

Fig. 2 Analysis of Alpha diversity index of oral and esophageal microbiota in ESCC

patients

7: A: Chaol index;B: Observed species index;C: Shannon index;D: Simpson index;*P<0.05,

**%P<(0.001 vs Oral microbiota.



2.3 Beta ZREHESHT

T4 (principal components analysis, PCA) {.7~, PCI Fl PC2 73 f#FE T 36.21%
M 8.51% MFEAZ R, HFHAFEARR K ZIEE DS BRIk, T
Bray-Curtis FHE5[¥] PCoA BIZE R EIR, KA D IREAK I B REE I, HAEmAL
PEAR R B B o, ISR 10 s B 2R B 8 S FEAR T80 . 59 4h, ESCC 3 DR
FEAR TR R B0, ARRAS AL B X 0 TF, 150 W P AL B AR VR M) A FEAR UM . LI 3.

3ESCC ¥ N5 REHEA Beta BT
Fig. 3 Analysis of Beta diversity of oral and esophageal microbiota in ESCC patients
7£: A: PCAplot; B: PCoA plot.
2.4 BB RHE

WAL 16 N1, 334, 56 NH, 113 4NEL, 338 ANEF 1 929 Mhh. EEFEREE

AT 30 MR, LR I A BB AR 5. LI 4.
2.4.1 1K FEBHRSHT

AlEAEERNFERHI 1D HNEEER] (Firmicutes, 37.45% vs 40.11%) « fUATEET]
(Bacteroidetes, 25.85% vs 28.48%) . LW (Proteobacteria, 23.70% vs 19.58%) .
WA (Fusobacteriota, 5.03% vs 8.72%) « WRJEARI] (Spirochaetes, 1.99% vs 2.12%)

TR T (Actinobacteriota, 4.65% vs 0.65%) , X 6 KE 114051 5 4 H EEMK) 98.68%



1 99.65%.

2.4.2 B/KFEBERS T

s =E BRI 1007 1 56 J8 43 5 A EEEK B & (Streptococcus, 20.92% ) % 85 IK 1 J& ( Prevotella,
16.81%) « FFEIREE (Neisseria, 10.41%) « F2RIKWJE (Veillonella, 8.02%) . WEILFF
J& (Haemophilus, 7.46%) <INk 5.} 1 J& ( Porphyromonas , 5.06% ) AT i J& ( Fusobacterium,
3.38%) « _EAMIKMELT AR B (Capnocytophaga, 3.00%) « BRI E (Aggregatibacter,
1.99%) . HIZjeiAJE (Treponema, 1.98%) . EEHLELH 10 AL HHEE D N EHIK
W)@ (Prevotella, 22.55%) ¥k B (Streptococcus, 12.99%)  FREKEE)E (Veillonella,
9.78%) « MATHEE (Fusobacterium, 6.83%) . ZXEIREIE (Neisseria, 5.70%)  JUZHT
W8 (Actinobacillus, 4.30%) « HIEHRMEE (Selenomonas, 3.88%) A ATKMELT4E
B )8 (Capnocytophaga, 3.82%) W LAY 1 J& ( Haemophilus , 3.40%) % WETiE {4 J& ( Treponema,

2.12%)

2.4.3 FUKFEREE RS T

RS B BE AT 5 A MR SEREREER S (Streptococcus mitis, 12.87%) « RIlVLEE Il
M (Haemophilus parainfluenzae, 4.65%)  WhFFREKE (Veillonella dispars 4.39%) -
BiMESS B (Neisseria macacae, 4.37%) « B IKW AR FNF (Prevotella Unknown, 4.18%) -

BEWBEEERT S MR RIEREER B (Streptococcus mitis, 6.97%) « 7= B ZFEEHIKE

A

(Prevotella melaninogenica, 6.64%) kR FRERE (Veillonella dispar, 6.04%) 18]

THIKW (Prevotella intermedia, 4.84%)  /NHZRIKE (Veillonella parvula, 3.38%) o

B 4 ESCC B M5 & B AT 8t

Fig. 4 Comparison of relative abundance of oral and esophageal microbiota in ESCC

patients



7E: A: Phylum level;B: Genus level;C: Species level.
2.5 LEfSe 4Mf

KM LEfSe 70 #T#RER ESCC & AR M4 VE B (LDA>3, P<0.05) , ML

5. iR TR D EMEE A S B R EEwE R, WA 156 Mzt wRE, HAH 95
MNEEIE ESCC BEMES T, 61 MM ESCC BFEML . EITKT, BT
(Spirochaetes) F¢5FVEE R T EERMAL, MMLEIT (Actinobacteria) LI ]

(Proteobacteria)  FFEH] (TM7)  HIFWI] (Synergistetes) 1 SRI WHE 2 &4 T 1

JEMEE . fEEAKY, BERASUFEMER O EERIRER (Prevotella)  RIEH &
(Catonella) . ¥R @ (Enterococcus) W F 4B W@ (Providencia) FIHAVBERRTEE

J& (Peptostreptococcus) 5 S52Z XN, DA EENEEEREE (Streptococcus) « 735 EK
W& (Neisseria) « WA JE (Haemophilus) « WHKFERIEE & (Porphyromonas) F1% H
B & (Rothia) . {TEFP K, 2 FIRRIT B8 (Fusobacterium periodonticum ) « /N5 ER T (Veillonella
parvula) « IR _BMNKIGELTYEE (Capnocytophaga sputigena) T 55 3 EKE (Neisseria
subflava) FVERFRE D YE B 1 (Providencia rettgeri) J& & AR BBV ED; L%
SEFEERTE (Streptococcus mitis)  BIVLERE AT E (Haemophilus parainfluenzae) 7 #R1M
R (Porphyromonas gingivalis)  VaIMFEMATE (Haemophilus haemolyticus) FIHHZH

HEVRE (Prevotella tannerae) &1 15 0 B BEAR EY
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Fig. 5 LEfSe analysis of oral and esophageal microbiota in ESCC patients

7#: A: Phylum level;B: Genus level;C: Species level.

2.6 D EAMECXT & E B ERED T

ESCC 3 I8 A& & B i 8 e R 1] (Spirochaetes > p = 0.541) . JEBE B |1 (Firmicutes.,

p=0425) FITCEEHE ] (Tenericutes, p=0.442) HAMKME (P<0.05, £ 1) . JEKF,

ESCC B3 1 & & i 2 (B % W2 e & (Treponema  p = 0.541) . KL )& (Catonella,

p=0.479) MERFEE (Moraxella, p=0.456) ZHEAMENME (P<0.05, £2) . KT,

ESCC B3 M EEWEET 15 NEFEA MM, SFEPEEEE/NRE (Granulicatella

FWETENR (Treponema

elegans, p = 0.661) \ BiNEZS B (Neisseria macacae, p = 0.537) « WG ey 2



amylovorum, p=0.531) . FJARME (Fusobacterium periodonticum, p=0.529) FIHx/ %

RBEKWE (Neisseria meningitidis, p=0.528) & (£ 3) .
1 ESCC & OERREE TR (1=40)

Tab. 1 Correlation analysis of oral and esophageal dominant plyium in ESCC patient(n=46)

Plyium O(%) T(%) p value P value
Firmicutes 37.45 40.11 0.425 0.003
Bacteroidetes 25.85 28.48 0.196 0.192
Proteobacteria 23.70 19.58 0.295 0.046
Fusobacteria 5.03 8.72 0.038 0.801
Actinobacteria 4.65 0.65 0.132 0.380
Spirochaetes 1.99 2.12 0.541 <0.001
Cyanobacteria 0.49 0.12 0.052 0.732
™7 0.31 0.08 0.414 0.004
Absconditabacteria SR1 0.26 0.02 0.267 0.073
Synergistetes 0.20 0.01 0.026 0.863
GNO2 0.02 0.08 0.285 0.055
Tenericutes 0.04 0.04 0.442 0.002

% 2 ESCC BEE OBEAEE TOP30 H)BH XM (n=46)

Tab. 2 Correlation analysis of oral and esophageal dominant genus in ESCC

patients(n=46)

Genus O(%) T(%) p value P value




Prevotella

Streptococcus

Veillonella

Neisseria

Haemophilus

Fusobacterium

Capnocytophaga

Porphyromonas

Selenomonas

Actinobacillus

Treponema

Aggregatibacter

Leptotrichia

Catonella

Granulicatella

Campylobacter

Rothia

Actinomyces

Gemella

Peptostreptococcus

Dialister

16.81

20.92

8.02

10.41

7.46

3.38

3.00

5.06

1.27

0.60

1.98

1.99

1.50

0.27

1.56

0.46

1.36

1.29

0.64

0.22

0.33

22.55

12.99

9.78

5.70

3.40

6.83

3.82

1.45

3.88

4.30

2.12

1.35

1.75

2.06

0.58

1.07

0.13

0.19

0.80

1.07

0.93

0.021

0.233

0.038

0.294

0.268

0.243

0.153

0.157

0.111

0.281

0.541

0.148

0.002

0.479

0.339

0.417

0.263

0.018

0.416

0.325

0.368

0.892

0.119

0.804

0.047

0.072

0.104

0.109

0.298

0.461

0.059

<0.001

0.326

0.987

0.001

0.021

0.004

0.077

0.907

0.004

0.028

0.012



Corynebacterium

Lachnoanaerobaculum

Brevundimonas

Moraxella

Oribacterium

Lautropia

Bulleidia

Tannerella

Lactobacillus

1.03

0.28

0.81

0.56

0.09

0.57

0.08

0.41

0.07

0.09

0.74

0.03

0.16

0.56

0.04

0.38

0.04

0.35

0.031

0.051

0.03

0.456

0.013

0.283

0.034

0.299

0.153

0.837

0.738

0.844

0.001

0.931

0.057

0.825

0.044

0.310

£ 3 ESCC BE OEAEE TOP30 BFAHE R MM (n=46)

Tab.3 Correlation analysis of TOP30 species in oral cavity and esophagus of ESCC

patients(n=46)

Species 0 (%) T(%) p value P value
Streptococcus mitis 12.87 6.97 0.149 0.324
Veillonella dispar 4.39 6.04 0.419 0.004
Prevotella melaninogenica 3.72 6.64 0.033 0.827
Prevotella intermedia 1.98 4.84 0.455 0.002
Haemophilus parainfluenzae 4.65 1.79 0.258 0.084
Veillonella parvula 2.15 3.38 0.242 0.105
Neisseria macacae 4.37 1.14 0.537 <0.001
Fusobacterium nucleatum 1.91 3.34 0.062 0.684



Streptococcus pneumoniae

Neisseria subflava

Haemophilus haemolyticus

Prevotella tannerae

Fusobacterium periodonticum

Capnocytophaga sputigena

Porphyromonas gingivalis

Prevotella oris

Neisseria cinerea

Prevotella pallens

Haemophilus segnis

Neisseria meningitidis

Prevotella nigrescens

Peptostreptococcus stomatis

Capnocytophaga leadbetteri

Neisseria mucosa

Aggregatibacter segnis

Granulicatella adiacens

Neisseria perflava

Granulicatella elegans

Treponema amylovorum

2.55

1.63

2.10

1.99

0.55

0.45

1.62

0.19

0.70

0.46

0.74

0.68

0.72

0.22

0.73

1.04

0.85

0.70

0.59

0.79

0.25

1.53

2.17

0.96

1.00

243

1.71

0.14

1.53

0.88

0.62

0.66

0.60

1.07

0.54

0.22

0.36

0.38

0.37

0.15

0.68

0.292

0.493

0.480

0.399

0.529

0.160

0.309

0.046

0.269

0.164

0.478

0.528

0.141

0.325

0.238

0.502

0.221

0.123

0.172

0.661

0.531

0.049

<0.001

0.001

0.006

<0.001

0.288

0.037

0.763

0.071

0.277

0.001

<0.001

0.349

0.028

0.112

<0.001

0.141

0.416

0.253

<0.001

<0.001



Streptococcus anginosus 0.07 0.80 0.035 0.816
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