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Impact of Microbiota on Gastrointestinal Cancer and Anticancer Therapy
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Human microbiota is a community of microorganisms, including bacteria, fungi, and viruses, that
inhabit various locations of the body, such as the gut, oral, and skin. Along with the development
of metabolomic analysis and next-generation sequencing techniques for 16S ribosomal RNA, it has
become possible to analyze the population for subtypes of microbiota, and with these techniques,
it has been demonstrated that bacterial microbiota are involved in the metabolic and immunological
processes of the hosts. While specific bacteria of microbiota, called commensal bacteria, positively
affect hosts by producing essential nutrients and protecting hosts against other pathogenic micro-
organisms, dysbiosis, an abnormal microbiota composition, disrupts homeostasis and thereby has a
detrimental effect on the development and progression of various types of diseases. Recently, several
studies have reported that oral and gut bacteria of microbiota are involved in the carcinogenesis of
gastrointestinal tumors and the therapeutic effects of anticancer therapy, such as radiation, chemo-
therapy, targeted therapy, and immunotherapy. Studying the complex relationships (bacterial micro-
biota-cancer-immunity) and microbiota-related carcinogenic mechanisms can provide important clues
for understanding cancer and developing new cancer treatments. This review provides a summary
of current studies focused on how bacterial microbiota affect gastrointestinal cancer and anticancer
therapy and discusses compelling possibilities for using microbiota as a combinatorial therapy to im-
prove the therapeutic effects of existing anticancer treatments.

Key words : Anticancer therapy, bacterial microbiota, dysbiosis, gastrointestinal cancer, immunity

M OB

SA uAEe - 9
AEE B4T e AR ESE 71 dd g A
AW mAE FFl gt A77F @EetA o] FolHTh
IBE ol ok &= F71448 4

Ql ulo] Z Al (pyrosequencing) 2] 7| v AE
Z ATl JAA FAHA FEHE AFIAT110]. °)F
Fall, A Hell EAstE rdEES] JAEAJ] MAE
7] AZFALET o|2REH EHEE dAHE]
ST U TS A g Bofsiar glSo] WelH
ot AW AMaze] 90%71 BrE gt} T frlAlgE A

HjAE AHE-SHA] Al 7]

2 §
o2
ot
o
el
fo
d

*Corresponding author

Tel : +82-54-260-1292

E-mail : jm.lee@handong.edu
This is an Open-Access article distributed under the terms of the
Creative Commons Attribution Non-Commercial License (http://
creativecommons.org/licenses/by-nc/3.0) which permits unrestricted
non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.

AL 8
A e Aol BHelds ddw THEd
B3 8 (dysbiosis)2] A&l disl FHA L=
ATt AAE FFo FAS E4YL A4 o
2 YR8l FAA|, 2] F# T
FFe wom, o2 lF) &5 3+ Ao A
d A=l zfol7} WA glTi[34, 46,
85]. wekA, ol tigk v AE FFo dA47
B ey WAYEY] 782 dHe] a9y X854 A
of oA FaZ ARE AFL A= 7theTH73, 90].
I, vAE 75 5A oyt #Y18keE dAE
A FAAR FFAAAMNERNA/AGAE =43t
I, AW dhAA o] FAF o2 GAM E 9} A5 283
o gotAle] X5 &y} Wyt ofe} o] WAy I} Ao
fFolu gk G v 5o AAIE AT 10, 52, 90].
A, nAE FFo] 4% FdA Y] A s ATt FaHg
ATl Y& UE ATFZAHE] 830 Hix
Ak dFALNA FAAE TGS wf WG 749 5}
g2 R(e.g., cisplatin)oll thEk o] WH&3 A5 £ Ao|
HAAog FIFS w Al 9 om[93, 196], B FUA
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VENSTH42, 87, 207]. Bifidobacteria®} 72 7] BHH 2] Al
ol7t FFe] AEH A EFHd &S s TY
u] 4| 3+7d (tumor microenvironment, TME)ol A 42|/ A 3
o Az =4 THIEZE EASAIA Ay &A1l PD-L1

ZAAA B A ko] 7HE Al AdA el s A
= 3ok
=
A
A A Q) X ZAI Aol Fedstar U166, 188]. ¥ &
7N
o

% 2

I < Fart JTH13, 219]. &

AAAE Fall gTde] B/ /Aol

[FAg) X G AhE wWAYS taEl &

=9 8tal(Fig. 1), Yobrt A= 2 o] 3ekA)

ol Qloj A wAE #Fo] AT A I = A o
3l A ApstaLAd gt

B #Fo| 4UA ] N TAT} BA§ Bt okt &
o WA AN E Frolvd FFS AT gl AN
9tk AR ALt NES FHBSE G B

Aol f1dgol F7hska[204], T4 Pl E - (oral mi- 2 =
crobiota)S T3 3= Fusobacterium nucleatum (F. nuclea-
tum)©] g AT FFS SXAF o] BRiuE AT QIEHEIRto| Wl MEH MO0 D|Xl= P&
[104, 169, 224]. AR <} 313t g ol gk WHEZ Q] =& Ao|&H
o] HAFE X8 F o Z(prognosis)ol] ©] 27714 o Hsgle &5 W AF3te vAE 459 FANEH
Uelu= 3R A/AEAE A4 o9 A-dH 71 o FHol 43 HIlE Yt ol9f Zo], FoHY &
g S B QA HAE AFo] V& FEAY WA A3 A v E FFo el AR dEHE vAAE
A9 BAE-S FET F e AEZE WA AR 1 ¥ (generalized dysbiosis)©]2} 2] gict. v E B
7ol AtE o gt} AT, o}F HdE 7 F P ARHOFE v Be V)5 WY #yS &4
I A e T/7Y Mzete] AT B 4zt AA GFE FESo112]. 53, AW MAAE F35eg,
£ Ao tis) B BEo] fHER &ty A5q I bacteroides) &2 F-E] A tA4FE(e.g., butyrate, propi-
of A& ZHoA AASE AT vAAE +F 7 A onate)o] A|=ES 7 iﬂ“ﬂ AFANE AEE FIAA A
e B o] EA45H7] Wil FrHE ATt el |75 B olye}, thykst A AA & 24 sto
A a3 Aot B3|, AU S fAHA S E3) 1°47"’ﬂ(gastromtestmal-tract cancer) $ro] WA} Aol A
8 giAER>C] E/FE B 14 =8-S 3 AT 23 FFE VAL Yol AR FA-tE2T ATE
9] ekl 71#e] AyElstd Ao FTFS X2 Z2[219], B AFHATH 9] ST ndE 2 FY TAHAEE
AU v = =P (gut dysbiosis)Z 918AL S A3 I oldf tig AW AR FHY FHRE zpolr}
g2 7 Heg, AY, AT ABAH g F EAet=Hl, A7)0l =571 7 Y= HolsHH fA
7FA ] v/ Aot o8 ZAL O]TOVQ oF gk 2 vl 7 2] th3 A (genetic polymorphism)©] 4@g H&S
ot =3 54 o4 A" Tl e & olef] thgt St UTH82]. wWebAl, MAE EddH o AFdaA ol
Z- o] Al o' AA S T3l dFE ‘:’]X] Aol A s =& o, 32 98 3 ARk A=}
ATl YA 3 Gke] AHAR] ABF A WY AW 75l dolA sFuitie] ztolE e Ao

I

“Microbiota

/

Anticancer therapy
Immu
GastroTig&ﬁnal Ry

s \—/ Fig. 1. The intricate relationship between
bacterial microbiota, immune sys-

tem, gastrointestinal cancer, and
anticancer therapy.
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A AE FF oA A M¥E #F2 7HE U
& 9o ohkdt (500-1,000) 0% FAE] o
[246], ¢F 700 T2 HA=o] SASIL U= A= dHA
T HAE #FS 74 W 28 B oids 774 9
Aol = Ao FFe vAIL o124 53,
AU A E ATOERE ALE #&e As A
(short-chain fatty acids, SCFAs)°] G T & A4 $+=&A(G
protein-coupled receptor)®] AEZHEHH A | AE HY
& 11 ¥ (histone post-transcriptional modification)3}-7 ol 2]
HA o7 Holata 9 Oom[103, 106, 107], TFE3H FF-9
TAE 3o} GAstE SO ZH] AYHES 24 o

Toshar QIThss, 127, 128]. T3, tiAetell A F oA
FAAE AYAS vf FUol o3 Fr=d AmI

(chemokine)®] W& o] AdalA wolx th40]. whekA,
HA#Ady A3 BAS 7R AE Ao R dHA
A4 W mAE FF3 AGME Aol A3
A& gy d9stuA 3o

2] ¢ (gastric cancer)

o] Tl wet Sololal, tii Al oA 2
£33l M E dF S T "I E T (tumor microbiota)
olg} Fei[73, 122]. M & LY T WA= 42
World Health Organization (WHO)®l| &J3] 19 AEAZ
EF/9 Helicobacter pylori (H. pylori)Z[96, 179], 1% &
Aol 90%7F g ol ofs] AT LA Ut
(Table 1) [43, 223]. HI &, °F 1%2] 1 SHAAA H.
pylori ZXF o] S48 2 Yehta221], ¢y a8 A
AL B4 a0 59 F44 a9l BTl o3|
FFES Weve AS gl =56, 57, 1711, H. pylori7t
A Wy oA Fag 8dde 2 7|kt Bt
°] 12 ATFES B3 FEHFAKTable 1) [33, 66,
201, 238]. H. pyloriv= AA A &AL o 75%F 2HA| 8}
+ intestinal typed} diffuse type ¥4 e FABAE
ZFA I e H[155, 158], 53] IHE ¥ ZF(mucosa- as-
sociated lymphoid tissue lymphoma)2] &AJ3} Aol 213
Ao 7 g2 vX|a Y16, 38, 66, 147, 156, 157, 209].

H. pylori= Lipopolysaccharide (LPS)2} 22 A X +4
A &3} Cytotoxin-associated antigen A (CagA), Vacuolating
cytotoxin A (VacA), High temperature requirement A (HtrA)
o 22 ZAHAEHEE wrlste] ek AT Al 23t
HA o2 JFFS AL AYTHe]. CagAe 1 Tyl Z
HAQ Qo] H&= F el A (oncoprotein) = FH A U
TH1, 89, 195]. H. pylori CagA-%4 5ol 23 w7
o] o] LA A & FEFE HA L JoH[134,
194], 9l M EZE o] &3 in vitro Ao A CagAZ} 2
HA o= 9 FoAare] otdHE S F0eto o] 7
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Y EAeg, =T S, AZ F5dd tig HAd)Eol
eSS &A3IATH195]. CagA= Wnt/p-catenin signal-
ings SA43IAA 9 FMEe U FAHo B
. Wnt/p-catenin signaling®] ¥} =3 &Ad3l= 4 &
Tk obYE}(35, 94, 150], BHFF FF] dAIEAA e
= 54 Fol shvE &R Jom, oo ek vt
AAAZY & X EF 98 M=ol $hrH9s, 239]. F 2
ATFANAN FTFS FES = H pylorid TFE25E A==
CagA7t §1 I MEZE AZH | we} B-catenin®] HIZZA
Ao 2 g443}lE 1 [67], epithelial-to-mesenchymal transition
(EMT) 2-& theFe detad s ddd e 2ds
ZWA 7] 3 ATH162, 189]. 3 CagAol 23 Reactive
oxygen species (ROS)S] =2 o] DNA o|FAE &4
(double-strand break)= -fridste] 919te] Aol 7)o ghrh
[78, 88, 89, 102]. 3+ =H & & T2 EAE A2 VacAS
53] CagA7l 9 AoAxo] =2 H1 9L Hus}
ATH1]. VacAE A7FE2 (autophagy) 48 44
ZF(lysosome)®] 3l T E44E ML A7)
£ 7S WastAY, M EZ =t v &
2o ZH M EA(apoptosis) S =381 §] AT
ZFAZITH, 133]. =G, TAH 9} BAZ ] 493
< AAIBF[4, 199], B THA| E(mast cel)ZF-E] A
Ao E7IRI(e.g., TNF-a and IL-6)2] A& FZA|A
5§23 176, 192]. U FA =, H pylori7t
AolAA o= HAst 5ol AAEHUT H
- A AT B R4 A= WY b
|3l=t %8¢ Foxp3+Regulatory T cells (Tregs)
, ol ALEA e T HolAA Y
B g dTH116, 121, 125, 126, 234].
lori2 5Bl A ths 54 ) o3 ¢
FHHES f4ks A sk H A E(parietal cel)E 7+
¢ pHY 45E FI%t) ol H pylorid T2
A3, A T3 A vAE 7FF9
go)3kAl 23, 29, 65, 159, 181, 230]. H|E ER
LS ol A HAE FFY o] ST
AR e AFNE Busta JXTH59],
o] AFolA HAE FFo] ol FaEI e o
HAell H pyloridl & pHe| F717F #H3ta Y&
AN At H pylori7} A1 919 B2 nAE
729 FAo] R, 7] 34 (intestinal metaplasia)
ghapel gt Zpolzt Qlom, o= H. pylori vl 7
nAdE % T4 W) fqhe] WA AA ol ofF U
AR @2 F8% 9L T F 55 AAEH. #-
=il AE H pylori7t 91 27]0l 88 98¢ 3sta,
AU vAE FE(e.g., Clostridium spp., Lactobacillus spp.)
[29, 59, 23813 77 VIR E dF(e.g., Streptococcus spp.)
[59, 238]°] 21t T2l T83 9T & 5 IS A
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Table 1. Correlation between tumor microbiota and cancer
Category Cancer Bacteria LO.CanOI,l of Correlation References
type microbiota
Helicobacter pylori N/A + [33, 43, 66, 201, 223, 238]
Clostridium spp. Gastrointestinal + [9, 29, 36, 59, 113, 210, 236,
Gastric . . 238, 244]
cancer Lactobacillus spp. Gastrointestinal + [9, 29, 36, 59, 113, 210, 236,
238, 244]
Streptococcus spp. Oral + [59, 238]
Fusobacterium spp. Oral + [18, 29]
Fusobacterium nucleatum Oral + [21, 22, 32, 72, 182, 211]
Bacteroides fragilis Gut + [32, 47, 72, 182, 211]
Escherichia coli Gut + [7, 32, 72, 182, 211]
Shigella spp. Gut + [72, 182, 211]
Colorectal ~ Enterococcus faecalis Gastrointestinal + [32, 72, 182, 211]
cancer Porphyromonas gingivalis Oral + [3]
Faecalibacterium spp.* Gut - [211]
Blautia spp.* Gut - [211]
Bifidobacterium spp.* Gastrointestinal - [211]
Roseburia spp.* Gut - [211]
Enterococcus spp. Gut - [163]
Ruminococcus spp. Gut - [163]
Bacteroides spp. Gut - [163]
Phascolarctobacterium spp. Gut - [163]
Oscillospira spp. Gut - [163]
Salmonella typhi Gut + [49]
GI tract Helicobacter spp. Hepatobiliary, + [45, 92]
Liver Gastrointestinal
cancer Clostridium spp. Oral + [123]
Oribacterium spp. Oral + [123]
Ciliate spp. Oral + [123]
Actinomycetes spp. Oral + [123]
Campylobacter spp. Oral + [123]
Haemophilus spp. Oral - [123]
Streptococcus spp. Oral - [123]
Pseudomonas spp. Oral - [123]
Fusobacterium nucleatum Oral + [143]
Porphyromonas gingivalis Oral + [61, 91, 138]
Aggregatibacter Oral + [61]
Pancreatic actinomycetemcomitans
cancer Neisseria elongata Oral + [62]
Streptococcus mitis Oral + [62]
Helicobacter pylori N/A + [11, 115, 167, 180, 200, 213,
220]
Gammaproteobacteria Gut + [76]
Porphyromonas gingivalis Oral + [69, 101, 144, 177]
Capnocytophaga gingivalis Oral + [69, 132, 144]

Oral cancer Streptococcus sp. Oral + [69, 132, 144, 165, 173, 175]
Prevotella sp. Oral + [69, 132, 144]
Peptostreptococcus sp. Oral + [111, 165, 173]

Non-GI Capnocytophaga sp. Oral + [139, 222]
tract Lung cancer Veillonella sp. Oral + [222]

*butyrate-producing bacteria.



3}3l A TH(Table 1). Clostridium spp., Lactobacillus spp.<}
22 2 ¥bE| 2ol nitrogen-containing organic com-
pounds (NOCs)2] A& ZIAAOZH 2he] A4
7143k aL JATH(Table 1) [9, 36, 59, 113, 210, 236, 244]. &n]
FAE, AT A3 FABAE HAD e A=
L HR F nucleatum®] Lauren’s diffuse type ¢ 4&HAFe] <F
ste o T} B o] e ASE LERITHTable 1) [18].

HIE 9 A E 739 3}t giglol] qlojA dA=A
BT FEo] EAEHH e EdAA AN H pylori 9
759 B wAYEFA g F7F A7 DA,
Ao A Y E FF ol FelstA Zast
3 A= AL YeEh= AL[3, 9, 791, H. pyloriz+ S ll
°|g pH F717F 9 WA E #F B3-S 2t 9
A F743 AU vAE #F9 =3 F2& S}
a1, o]& &3l 0‘«] A, 4, Ho] Bk ojuEt X5
T dFox FEFS VA F AS S AT FHEA
5=, g 8 %‘?_J H. pylori ZFgol a7 5E 4
710l o] Z2717FA] L2714 Bl H(allergic rhinitis)3} 22
Aol U3l 375 Bodtes 93 A= st ol
BuEa JAUHI1S, 17, 140]. o= WA E #F9 #30)
S A7 A ol Wl F8sH, H pylori®] =37
2ol o & P AE FFo BEvtdo] 9] WA 8
g a]lo] & F &S AAFET29, 59, 120, 142].

<% (colorectal cancer)

A ARole FE2 rdEC] 2L ol R L,
o]l g AEe| of A AHA e A

Bk oy}, MAE #F 25 EH A EE AEE
A& Elal ohekgt 78 dEEo] 22 Ao dASs
gt O FAAE S AW vAE FF5H 2
BHAAAE 7HA L Y= AoE LA ok Ay
MAAA A AR Z HSHA B SHE o=, 50T
Tho] Aol A B P ol Hoh72]. LS A4
o g dHA UARL o] Qo= A, AFH, v
Zo| FAAAEC] At HA o F8% FIFE 1A
AL ATH97, 145]. FAYAIE Aglste] A3 W vd= HF
of Ew¥o] FAEAES vl, Luminal ol A SCFAs
FEUF ZaE, oY HA 7 ABE histone deacety-
lase 2 (HDAC2)9| &&o] F7hgo] RIEHITHS, 63,
243]. SCFAs+= | glo}7} A d+A] A E(resistant starch)3}
2ol FE LEANIIHA AEE Fa AER 217/
A/ r 2Hol a3 ITE e ZoE dHA
ATH186]. AlTh7t, A7k Abgre] i I Bl s S o
A SR A M E FFY ThFAd o] Fhoem[28,
172], o7t 271 Sxet et $7] 849 A E o
F TR 2Hol7k BTh206, 211]. ©1& B WAE
wZFo] e 4AAA el Hosta e, volrt A
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R
ke
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A34 713879 (proinflammatory opportunistic pathogen)
o] Z719} butyrates WA St= F(e.g., Faecalibacterium
spp., Blautia spp., Roseburia spp.)2] A2 A3 TAH
78—1,]] 6]—)\&—/\‘]4 E—',}'E:]J,]. U]—/Hoﬂzo] o]—v/] ‘Q}‘g oﬂ Q83
FEE vAAL AT 7HIRITH64, 71, 184, 211]. TSt
o] tgk butyrate®] FaFol| Ao X =HA Ye FEO]
AstA N, AW v E #FY] B Al T
7kl ola zeE Fsol e AT S FTA
A = 9ol RAEATHS3, 81 AU vy E FFozy
E] A H butyrate”} U G M Ee} AE FF2
Aol Fasit dE A JATH218], HE =&
58 SAAP 02N e BAel Bl
AeS ®Hiata glrH149].
&2 Edd o& F7td 54 wEeot
%% AR 0 2 detat Ay o] Hojshar
Aol A, F. nucleatum [21, 22, 32, 72, 182,
2111, Bacteroides fragilis (B. fragilis) [32, 47, 72, 182, 211],
Escherichia coli [7, 32, 72, 182, 211], Shigella spp. [72, 182,
211], Enterococcus faecalis [32, 72, 182, 211], Porphyromo-
nas gingivalis (P. gingivalis) [3]7} % 7V%| 1., Faecalibacte-

OIN i

rium spp., Blautia spp., Bifidobacterium spp., Roseburia spp.
7t FrojuletAl Hagol o2 AFE Fa RaEHdT
(Table 1) [211]. &3], F. nucleatum©] <AL A3st=
t a3 A=A F nucleatum adhesin (Fad)©] 33
ME, AGME} F5AGFFOo TR oA xE F27 |
A T ddAA I dEE oofd Aes 2Hg
o} Fad®] 74 E< FadA9} 2J3) A Z 2] E-cadherin®] %
T 2830l w2} Wnt/B-catenin signaling¥} NF-xB signaling
g o] A 3LE 11[20, 105, 170], o= A A E ] F2] 3}
AAFA Aol EFISl(e.g., IL-8, IL-1p, IL-6)9] THS &
A ZITH(Fig. 2a) [170, 182]. o1&} 5L 3, F. nucleatum
o] A EFAAEQ LPS7} IL-1B, IL-69F Z-& Alo] EF}2l
o] W} NEZFAS FE=F0HFig 2b) [20]. E THE Fad
2 4R F nucleatum®] fibroblast activation protein 2
(Fap2)<= T A Z 9} AAA3] A *E(natural killer cell)¥] ty-
rosine-based inhibitory motif domain (TIGIT) =&l 2%
st FFFAH AY w39 AsLE AAIFTH20, 84].
olo Bated, Fap27F A MEE X33t thgst &
Fo dAME FH = galactose N-acetyl-D-galactos-
amine (Gal-GalNAc)2}2] AE-S &o|3}A 3t LA =Z 9
S F2A7IM, gstay T g FaAe] AsR
Fol EAAQ FEFe vIX 1 JThFig. 2¢) [20]. ol =gk
F. nucleatum®] 44347 AAE vAUSLS A 29
3H e WA A Rl olyg), T E T/ o HA el
% BlshA 2Rt 223) 7 M E T AR
o2 AdHR F nucleatum®) W7 F&F A OS2 o] F3dl=

FAHE 717 e obx B SA R, £84A7} ok
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| === Fusobacterium nucleatum E-cadherin '
{ W & TLR4 ;
: @ LPS [ .
A : B Fap2 Gal-GaINAc .
\e\ IR e P P R SR . _____________ '
3 ~— Gut dysbiosis
Oral cavity A C

Colon <

—

Whnt/B-catenin signaling  NF-kB signaling 4—,

1
)

|—> Proinflammatory cytokines
(e.g., IL-8, IL-1B, IL-6))

Inflammation

———— Colorectal cancer
Cell proliferation e

Fig. 2. The carcinogenic mechanism of F. nucleatum in colorectal cancer. a) The binding between FadA of F. nucleatum and
E-cadherin. b) The binding between LPS of F. nucleatum and TLR4. ¢) The binding between Fap2 of F. nucleatum

and Gal-GalNAc.

FAE B3 Y T Foll st Ao 435
3 T2, 170]. F. nucleatum®] |57 Z(periodontal dis-
ease)oll Al YA R HAYSt= Ml E F(bacteremia) &
ol dR/RE FUEM, 53 Ml WY Fap2 & T3 o
A FTF 22 oA =4 HHF Gal-GalNAcol| A73ta
o] AAE I ATH77, 154]. WL AN A Fusobac-
terium spp. FF3 ] 7k WAL ¥k ofU ), A
o A5 EIA} T T BAHQ TS v|X= AR
LdHA A2] Y 2l A A Fonucleaum©] 7
& Mo W& H Toll-like receptor 4 (TLR4)E T3l A7}
3z AL FAZFJA Lo ZHN FHetdlelA = 4#H R ox-
aliplatin®l 9|3 F=== A ZAAS sl o]& 5
3 oA M EZ7) oxaliplatin®ll o3l WA S 71X A E&
BASFATH20]. = T2 47| [, g ddd
FTF MAE FF E T8 FAAES enterotoxigenic
B. fragilis (ETBF)7} ¢ #A9] @84S SVt &
&2 biofilmS & A 35}aL, signal transducers and activators
of transcription 3 (STAT3)E &4 AlA IL-178 22 A
A=A Alo|EFIQIS BEH|T O ZXN HEZHH2S EHbA|
7 %= QITH31]. ETBF2RE A ¥ B. fragilis toxin (BFT)
o] heFet Ae D Ag o] W3k g ROSS| A S st
(183, 217], ©1¢} BIs=8}A] E. coli7} S EZQ! col-
ibactin®] QS Fr=3te] A I M xe] DNASE &4
A ZITH7, 39, 197]. WebA, 2l v|AE 73] 788 E,
AR, FRASAEED] 5 AYAE, & oAz}
2o e TFY Alxet 450 =N et

Aol el sta k.

Zt<t(liver cancer)

SA AF3 H pyloriet 7o) drdsfA ol A=A o
AT = JYAT, thFE9 A 422 WHAS
o2 o] Ao A o2 JEFS v AL
THA| 2 (hepatocellular carcinoma, HCC)2 7+
Fa3og AAA o3 dEd Ao AlHs
2 dHA AvH231] oE TS 2 1
I AFES AL SR8t Qo ol F R X4
I, ol F% Ul ] & A (intra-tumor heterogeneity)©]
“H-cv’— E3 Ao g A JAdHE Aol Fa3%¢
o2 AAHATHI’S]. HCCx F2 3 &4, d5 ¥
ZH”%] B o] FAde A LAY sz T3 218 S(chronic
liver disease, CLD) 3ASo| AlA L3ty 7HE 3ko] gl
= Atole A Ao BYsA] e 2o U
A Jt}. CLD F A% 3H7d S(cirrhosis)e} ZHd S (liver
fibrosis)oll 2]&] HCC2] 80~90%7} A3t Qo E3F
7 8= HCC 2ol lo] a3t flgdaclo= AR
oH55].

(R

e rlot ?9 o fu

o P>
d o
o

° 0 gt

ro rlo fo o& [o
o

do Hir &

CLDO Al HCCE A== B&3 WAUSS ob4 1
WE A FUAT, B = dFo EdFol 7T
FFS AL e AR Bk e FalA 9
AU AEE o] tAEREOl Ha3t B YIELEE T
W, ko 2 RE dAE FEALT tatEe] Aos &
HIETHR3]. FFAS & aH8S Tl AU nAE 73



o

o] 74 =4 B, AU Ao 2 REH tAbd &
FAHZ A TA] AE-EETH208]. 53], AW PAE
TFOo2HE A4tE tAMEE(e.g., vitamin, trimethyl-
amine, SCFAs)2 <59 AYHLS, A8le 7|5, 7k 7]
ol e PIZIT14]. webA, 3 A rAE 7EE
7% sF-gA e m JbeA AAH e, Yot &
W e E dFe] B 4 93 4(intestinal barrier
integrity)2] <=/4o] 7rolA A5 AAAAHS S
A7l 719 gtt CLDS] WA Z7]¢F S7|d Ao A %
W FHAE I rdE EF9 :r“H l Wkl glom[231],
CLD, HCC &=} Aol A %2 EF LPS 555 Hel
T} 114, 146, 232, 235]. S+ %E’.T: LPSQ]- 72 microbe-as-
sociated molecular pattern (MAMP)©| T}eF3 F7-2] 1A
o o] 9= toll-like receptor 4 (TLR4)o A g3}od
q@F, A3 A ‘?-_}/\17]*7 A ZAAS AAGC
24 HCCO| AT} Aol 71ofstal la< AT
[231]. B = 2] A7olA ARe] g o mE mA
= 7Z9 zolE ddsta glo DJ] ol g v =
& Atolol] A@Agol AeS sk AARE A
At 3 Ao Fa3F a0 2 A H]*@E 59 98-S
AFste dTe A3 BES Aot

HCCEA A A v E 739 thfAdo] wom,
Enterococcus spp., Ruminococcus spp., Bacteroides spp.,
Phascolarctobacterium spp., Oscillospira spp.2] <71 3%
3] wgo] BRiE 3l tiTable 1) [163]. ZH|FAE HlH}
olgl 2= 7+ # utol g 2~ el A X8 21 HCC
Ze] Ay mAE FF T 2ol ASUTH118).
Salmonella typhi [4919} Helicobacter spp. [45, 92]9] Z+H 2
2 Q% R o] ek &711 o 9ol %, &7 F(bile)2]
g3 e Aol FAst= 7)o g dHeg, B
e Ao Fa3% 9SS st 2 H(Table 1), ©]ll
et Y FFE o] &3 WA A 5AE Ndstaat
Sk TheFgE e o] o] oA sktH4l, 193] 74 WA E
& TS ZFol7t Aol Basa ot 1%
g AR Blaskdle o hkebAke] A% Clostridium
spp., Oribacterium spp., Ciliate spp., Actinomycetes spp.,
Campylobacter spp.”} %713k ¥FA, Haemophilus spp.,
Streptococcus spp., Pseudomonas spp.i= 743} %1 TH(Table
1) [123]. Clostridium spp., Oribacterium spp.&] 73~ +4e]
AXEAZ AAEHI YT}

#) 7 (pancreatic cancer)

A7t LA o] 90% ©]/d-E A SF= pancreatic ductal
adenocarcinoma (PDAC)E 7H3 &3 A AL o= &
b A Ego] 8% m|gto|H

AL FE3] F7 ek AT
|57 A e oS APAA AYelh ARY A=
R Re A A4 GalLe] 4oz s
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Afjst= Aoz 4HA At ALY o FAAE 7}
F FAA FEPOE 270l HolE TAYARITHI51]. =
oA, A ] AEES Foled Qo
o] w]-$- =93ttt Al 93 gglow &
A 8]l <, vvtd A mAE FFo] AL e
HAol vX= FEFH 1 71 3t 1 A7) o] F
otk Bt EHA Q] X ] B9k ol X EAE
MEstEd o] F83 ARE AFTE o= 7|gEnh
kAl A vke} o] TS 74 ¢ TIAAE
WAE = 9o, &3] F nucleatum [143], P. gingivalis
[61, 91, 138]7} #1¢k, thadek ®xk oy}, ek LA
o= Fa3% S WXL UTKTable 1). TF A A
A} p53 [12, 12713 Z"okﬂc-’r{Z]-(oncogene) K-ras [60, 153,
187, 215]°] &2 = Wo] &2 PDAC A9 £ &2
d 3ol #H ) o] e p53 Kras ARl P. gin-
givalis2F-E] £18] %= peptidyl-arginine deiminase (PAD)
7h Fedste] Fgeke] et #g S A7 ATHIS2)
T3, AAS AN A Aggregatibacter actinomycetemco-

o W
A_ ™
Ho
=

o r_
r

m}i

of

e

ol&

[y3)

mitans [61], Neisseria elongata [62], Streptococcus mitis [62]
b AL o] HVBAE AL Y= A0 ek
THTable 1). §F A= Neisseria elongata Streptococcus mi-
tise 238t JAFEAZ AESIAS W) 96.4% VS
o} 82.1% EoldS 7ML AAY SAE G F U=

Ao 2 Hustgth62]. ¢ T8 ddFo 2 &
H. pylori7}t AASI T FHo] = Aoz Y. 1
=5 22 =5l H pylorizh F7& o] A3 Bl |
= Zo & BHusta JATH30, 44, 74, 229], tHH-E9] =

2

FNA H pylori X4 °] PDAC FAE S =0l IS

A A& Y THTable 1) [11, 115, 167, 180, 200, 213, 220].

o] nAES dzE| o] v w1, FEHS oW

B3 & 4 (protease) S EF3IL U= FAFoNA A 5 ¢

7] wiel HAgL gk o g o l T F7HeE o

AA $oh[131]. FA R A3 A=A v wsts o
)

PDAC 22t Al 1,00081 7} T —% tel gl ob7t S24)staL
A5-o] Q= ATHS1, 164]. PDAC ZH oA F2 Zujz
2 H| 24} 2] o} % (Gammaproteobacteria) ol &3t &
o] A&H o, o= &8 aWHAA gemcitabine WA 3}
T Beo] JdE Ao FE BRIE I YtiTable 1) [76].

T7<(oral cancer)
:rLﬂ ”]*ﬁﬁ T2 A AH ?l' T4 9 Heg

.
39w BT
2
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he] Aol At Ytk g =& Capnocytophaga
sp., Veillonella sp.&% &2 F-7¢<to] #H e WAy #Aost
I &S Bt UTH(Table 1) [139, 222].

TGS AANA AR £33 do =, NMAEd=
oA =& WHE-S HIT141]. Oral squamous cell carci-
noma (OSCC)& 77449 7HE £ FH(90%) o= B2

oA F3EH Fololz AR H 7R 51 ([37], 2
gﬂr AEEo] FIL 04]5;—7} —’%?7‘] B Aem 4#A 9l
TH119]. 74 2o Fd dlo® el @, &,
1% (betel nut chewing) '*-/] /;}0] 4 AgGTo] AA &
AAFL] 80%7F AL e MLEE=T S IR F71
A YEhtE & 0SCC ERHES AEE 5 Atk A
B HT AA o= Aol A A B T@5A olshe]
0SCC ¥ &o] A S7hstal = FAl= a4
M e WEAQ 89 1 WA
papillomavirus, T74+)3 22 2720 81l -—O] F7}
Zo® A WA BT F S AAR
124, 130, 178, 214]. 53], 77 2 9lojA
= 0Fe qdo] F5 T

15%2] Tekdlo] 2o] Bl H&FH, Fulo
(oncovirus), 320l oJsiA HH == &S
A3[160], FRART P Fa3 Hshy 2
&z Aol g AgFHo] 74 VN E FF 2
HHLE Ao 2 Al JTH100]. o) FAet Aol 9l
oAX 74 HE dFol T2 8oz AEE F 3
== AARRI

oAH =FNA P. gingivalis [69, 101, 144, 177], Capnocy-
tophaga gingivalis [69, 132, 144], Streptococcus sp. [69, 132,
144, 165, 173, 175], Prevotella sp. [69, 132, 144], Peptos-
treptococcus sp. [111, 165, 17317} 77343 738k 9] 3
BAS A e ALE Busta Jti(Table 1). F7}
Koz 3t =&olA Fusobacterium sp., Veillonella sp.,
Clostridium sp., Haemophilus sp., Actinomyces sp., Enterob-
acteriaceae’} T4 AFo] A A A SFHATH144].
£3], 0SCC A9 Holl X Capnocytophaga gingivalis,
Prevotella melaninogenica, Streptococcus mitis®] FE7} &

A AEHJAL, o] Al 7k F& T3l T Al 80%
£ A3 F Ao AL U Id A= Zﬂ‘*lﬂ‘”i
TH37]. Prvotella intermedia, P. gingivalis, F. nucleatum
U]—}H 047-}\'] X1§].O§ Ol-gqx] ;(]Zzlgy‘,,], Jd.%ﬂ H1—
ob7} 7k 113 Ado] the ATARE
A FEi7E 7Y B Y-S W F 3
AFRHH37). SHIEAIE, 7 PI8E dEo] 0SCC Rt
oflgl 74U tE FIFAE dBdo] Ae A=
AA =3 J+=Hl P. gingivalisS} gingival squamous cell car-

oo r\o

cinoma (GSCC) [101], Streptococcus sp., Peptostreptococcus
sp.2} oral mucosal cancer [173] Atololl A&AJo] &= AL

FoOgen, A9 B ok el w

2 RIEy o
P. gingivalis 2%
7

A X FA3y %‘ w o] FoJst= Fas HALL
2 4dHA 9o mM[100], &3] OSCCEA}o] Yo =53
Ao] A= 42§ Qﬂfﬂv}[zm] T4 =& YA P

gingivalis7} 73 M| o] A ZA4S AL
HAREE-S ZHT O TN o] A4S =
ol Festar Aok M E WA P gingivalis7t WL
A A Z A2k (intrinsic pathway) 4 2 & ZA 3= Jakl/Akt/
Sta3 AsHG FG& B3I 7]1 21135, 227], TF IA
AAFQI p539] LA FHAAA A ZALE A s, A
LSS ST 77 49 23] FHAA S
P. gingivalis<= nucleoside diphosphate kinase (NDK)E
oM ALY BE FFY AE EH TAHE=
A FgA120 P2X79 tg ATP ligationS 3l 5}
A ZAEES AR TH228]. @53 & A 8A] B R

A E AL = P2XT73 ATPSFS] AHE efst Al
FAARo] AL, MEARA, ABEHE BA, Hol(meta-
stasis) 2 FEA Alo|E7IQIS] EH|I7L = %E}J_ 3
A JTH50]. =3, gingipains E4AE A48 matrix met-
alloproteinase-9 (MMP- 9)& Z43IA1 7] 0 24 QHA| Z 9]
ol W AFAAE &ol3tAl FTHI5]. P. gingivalise &
A a2 Bk o el WA ES] A8 2Hdt 79
Wt Bk R A o] AYRkES oAstE TMES
PAsIAA A E] WEF F21& ZIAIZITH109, 111,
191]. P. gingivalis & Ao A4 CCL2, CXCL2, IL-6, IL-8
of IdE FWAIZ o ZH CDIIb+ 574 AEet E57
2 ™ & o A Al E(myeloid-derived suppressor cells, MDSCs)
o] AT B U3 I S(infiltration)=
< B33t JAT111].

= OIN

]

SRR

e

SAAAAL A

Eet HE20) 0)XlE HE
Tl T EOM Hl_%ﬁl 2h-gol| elsha

oo
> 19
=
10
>
"

136, 168, 198]. T3, A} vl FF <)o) = sty
Aol g WAl 74 RS FFol Bolst
Ue Ao® YebdH(75, 76, 137, 202].

K

WA X] E (radiotherapy, RT)

WA A 52 FA Rl oA R o) ANh A&
B S nith 43 AolE Hole AoR dEA
Atk H A= AW A E T A4 By ¥k
ZA-o|| Bt Jov26], Aoz Al WrALA



A5 aF S PAL &S AT FA
vancomycins *] 21315 & uwf, RT ok &<t &7} &
A ATH203]. AW WY E #FF2 RTO| X887 Bl
ofuz}, RT oJaf HAE 7 = (mucositis) ol = B
G2 AT 15709 B P HEES BAT Aol o
2 Bifidobacterium longum, Lactobacillus acidophilus,
Brevibacillus brevis, Bifidobacterium infantis, Saccharomy-
ces boulardii7} RTS} 318t QW 0 2 X 5wr= gkxbe] Hut
d P SN sAEA] EIHE VA e AL
2 e 161].

3}5}+.Q ¥ (chemotherapy) ¥ E 2] X] E.4](ta

Q2 NAE FFY BEHE S
Staro] X 5a e} F2Fgof FA43 <
t148]. 53], WA= #F2] B P o3| okr|d §A
o] =g F2o] e ayd s HAES FEste

eted therapy)

(E

AL 2 Yehdth s 79 oo A% Ho] A
o #Asta A= ASZ AHIA F nucleatum©] A7FE2]
HgE SHANOZA s a Rl o) FrEEHE &
Ao AFE S AAIEEa, o] & Fall tigetoll A seta
of g WAS fFedste A2 &A= ATH233, 237].
T3 AAY AlE el 4 GammaproteobacteriaZ} A3 43 SF
+ cytidine deaminase®l] 23| 4] gemcitabine©] HI &3} H
= Ao =Z YETHT6].

ZHEAE AW uAE F+F o2 HE A E SCFAs
22 AR o] st a o thg XS a& L] el
A% F Adve Ao 2 BIuEUTh HDAC2ZE EA #d
ol wpel v] M ZH A(non-small cell lung cancer, NSCLC)
ol A cisplatin [27], S FA A LZLEA(e.g., temozolo-
mide, dacarbazine, fotemustine) [108], TH& oA doxor-
ubicin [225], L EMEZF oA temozolomide [240]° T g+
N4 =7t wolxlth, wir A=, kol Al HDAC29]
g o] A Ee] Holeh A WA AHE F1A
(multidrug resistance gene)2] W& S YA 7| 9o,
HDAC2-%A #3<2 anthracyclines2 X &3k 313tQ
ARE e Ao e YEEH AHo] Y=
fﬂo]ﬂm‘:}[%l oA Ftawel A gaHtE
b #3539l HDAC29] Tdo] HAE #3520
A73E SCFAsE T3l A= glom, mepa A A
= dFo] £4% ¢t A9 HDAC HAA e F7}
AFE a1 Avh241]. 3, FAATE A2l FF ol A
Th17 A|EZ2] 47} A5 A S H cyclophosphamide©l] T 5]
wAdo] A3 3L, o]+ cyclophosphamide?] ¢t
UZd mAE #Fo] &8st AES o v rh205].
A HAE #F0] 24 AR Lz FHA R
Aol AgaH = F3 21T}, Vascular endothe-
lial growth factor tyrosine kinase inhibitor (VEGF-TKI)%}

ii&

HUX$>EJQJ
_VﬂrerUu:E

K=
=
T
B
-

F& wA A
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rlr

Bacteroides spp. & E33}X FAAE Fof W
& Aol A Fx}e} H E“B‘}oi% |, Bacteroide spp.
MIE EHHE FAAE Fol we BAel Y2 ol
ol u]tA| FA8EARTHS6]. ©1= Bacteroide spp.7} TKIO
g AN 5aHE AN 7 AsS AAET

H Y38 (cancer immunotherapy)

HAE #Fo] BEdEN HAE dFOERE £FE
wojstr] g Wenkgo BEygo] v 95, o8 W
3y 2o yystd A3E xS o+ Ik H pylon_omg
BEAfol| A Treg cell®] @ o] =] |A-g-0] A =]
I UASS dA dFsiTh A A E ol A
W75 - #dsta o, 53 AT JAA
(immune checkpoint inhibitor, ICT)9] X S &3}l F3FE ]
X3 Y= AL Z YEFST Programmed cell death-1 (PD-
1), programmed cell death-ligand 1 (PD-L1), cytotoxic T
lymphocyte antigen-4 (CTLA-4)9} 22 W IE dde
A E 2] W3] 3] (immune evasion)ol] T L3 JT& 3+
tH99]. PD-L1¢] NSCLC, A%, 9I¢, 7heh, WEy 5 o
& GAlze) ol wA o] 3loj[24] THIZ 2] PD-13}

o
35 TME®|A] PD-1/ PD-L1 % o] &390 2 A
FH 3|9 E FEU174]. E=3, F9A 71 BT ligand

AT O 2H CTLA-49} At A TAH xS &3}
A g H70]. ©ebAl, anti-PD-1/PD-L1, anti-CTLA-4S
TAZ9 Fdass SASIAZ 4= Tt o)
%HH AAE AANAE Sl HIHS Y
Feoll A frojrgt dFEAE RAFAA T, &
Pk 1ICIe] W8S YeEll AU, dAIF o=
3ok ASE BRIAET JYTH190]. ol H T AF&olA &
o] AU oMo A5 aNE FHANZ

SHPH o2 FEuky QITH48, 80, 136,
168, 188, 207, 226, 245].

ICIo ti$t ¥H-&-A(responder)®} H]HE-3-Z}(non-respon-
der)= AU HAE #F2 74l z} 17} 9lom, o] &
53l Aoz ICl A s&T] e FolFH el

2

o
Ol
-
_8.

X
©

>£r5r'n3r$££mlmmlmommﬂ

TR 7 ATHIL, 54, 90]. o213 vl = FF2] T40]
F 2d A A A= SRIE o A Aed
F#FE IC1 X 50l ¥H831A] Y= AFAF7}F B

HATH68]. THA o2, I oq:rLﬁJ’}—% U A=
7Z2] T4 IC19 ]‘EEJ’]'E AZgsted JolA T
A A& st des AT A E 7T FolA
Bacteroides spp.= antl-CTLA-4-/] A g &35 Yepf =T
I 8 3lH[68], A =4 THAIEZS] &3 interferon gamma
(IFN-p)&] A& S7HA1713L S FUH 5213 Al ZE(intratu-
moral dendritic cell)E &4d3}A A TMEC|A| anti-PD-L12]
X5 q8IHE JNASTH28]. 53|, Bifidobacterium breve,

Bifidobacterium longum, Bifidobacterium adolescentisE 73
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“Microbiota

/
Genetic polymorphism
Diet, Lifestyle
Antibiotics

Dysbiosis
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Chronic inflammation
Immune imbalance

T B43e u Fdo tFg =8 37} anti-PD-L13}
EO‘O}E} ATA A7 ATH 188, 212]. whebx], A,
3z 21}o] © B (probiotics) 5= ©]-83t] AW HAE
Fo| 22g B3l HYBEAAAY A5 S =ola, 77}
45 2Yo=2) "G oo WAHRAE WA
M2 23771 vidE Ao =2 7gi"d.

o
o=
o) =
AA

SF7F At A 7R
ABED So] e nAE
/‘]-’\* (radiation), Ay A<} & 94—r—1
= dFY EFd YsiA suitt
5—}5 Ao =po]7} %Hg%PT:‘r(Flg 3). ©] Eﬁ& &7
4, A, AL 59 zole o] Jeh, X 9
7HA 7H Ql w&3lE o]k (personalized medwme)

AN, T0E 2] U olo] o
X o kA odz;)r o}

oty} &

h=i

032010035

?:_}EJ] A F nucleatum P. gmgzvahsﬂ-
o] ddFHA ol e (oncogenic bac-
teria) 2 ZH2-3513 Qlt) HHE|Eo} Qo= mYE FEFS
T35t vlol g 29} 7| F o] o] dAe TS mA
o, oA e A4BFY Y= A7

o, WY T gt T/ G Fov
Hol= Ao Z YehATH129].

ol qFe] Wb, 47, Ho] Wk oh]

o rl oS P ot o 2 24 rE T ok

AHOol ©
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Fig. 3. The mechanism of bacterial
microbiota in carcinogenesis
and anticancer therapy.

= Negative effect
wmmm Posiitive effect

Aol A g7, BAL %
o whek(Fig. 3), "I E
= N ES v 9] E‘L?:I-Xﬂ(eg,
zZZuto] g FAA, R P EF o] 2)e} FEH
A 2"l (drug delivery system)] &34 7o) A= of
SEEH90, 242]. SHAIRE, &F LA ol Bdt= T AYE
TZo] FA4do] ATt dX|5kA e FEE
W, TF VAAE 75 Y V1A AEE A5
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