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Abstract: Urothelial carcinoma of bladder (UCB) is a common malignant tumor of the urinary
system and a common pathological type of bladder cancer (BC). With high morbidity, high
mortality, and easy recurrence, UCB poses a serious threat to human health. The occurrence of
UCB may be associated with smoking and exposure to toxic chemicals. With the deepening of
research, researchers have discovered unique microbiota related to the occurrence and
development of UCB in the bladder. This review focuses on the involvement of microbiota in
the occurrence and development of UCB through urinary tract infection (UTI), affecting
epithelial-mesenchymal transition (EMT), and up-regulating the expression of programmed cell
death 1 ligand 1 (PD-L1). At the same time, this paper introduces the microbiota characteristics
of healthy people and UCB patients as well as the prevention and treatment of UCB. By
reviewing the relationship between microbiota and UCB, this paper provides new ideas for further
clarifying the promoting effect of microbiota on UCB and developing drugs for treating UCB.
Keywords: microbiota; urothelial carcinoma of bladder; molecular mechanism; bladder cancer
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I & (Actinomyces) . JC {4 4T & (Achromobacter) .
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I8 3 J AR T (Cutibacterium acnes) | 4 4 fl F i
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UTI BERSHE N UCB A XU K25 UTI
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PRR 2 (o R R A E B I 7 2A [cyclin-
dependent kinase inhibitor 2A, CDKN2A (p16™**4)]
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BEl1 UTI &= FHLE
Figure 1

AL, SEOLRRE/D, IR % b Bz 41 fudg
B, e SR AR AR A, B UTT 14
RIARK:, ik UCB &P, R, i@tk
TR PR B R AN O°-H 3k 1 IS DN A-F 3
% 3% i (O°-methylguanine-DNA-methyltransferase,
MGMT)EEK KK, HEHN DNA &6 45 Ak

K, SRR A i E UCB & J8P% UPEC

UTI8Y Btk 2x /" AL SEH#E & Colibactin 4511 bk i
FRARMER) DNA, fedFEERRAENME, 7K
W1 UTI Hhgin & UCB (R, PR S B0m 1 TC
1A% 3R i (uropathogenic  Streptococcus agalactiae,
UPSA) 807 WARE ™A B-IF IR /B MR
(B-hemolysin/cytolysin, B-H/C)¥%s fif Ik # I Kz 21
L, I A K 2 R 15 AR R R, S
UCB K- 1),

LDH

!

Nucleus

Molecular mechanism of carcinogenesis of UTI. A bladder urothelial cell model is displayed.

Graphical description of microbial damage to bladder urothelial cells. UPEC: Uropathogenic Escherichia coli;
MGMT: O°-methylguanine-DNA-methyltransferase; DNMT: De novo methyltransferase; CDKN2A (p16™5*4):

Cyclin-dependent kinase inhibitor 2A; Krtl4: Keratin-1

4; UPSA: Uropathogenic Sreptococcus agalactiae;

B-H/C: B-hemolysin/cytolysin; LDH: Lactic dehydrogenase; IL-8: Interleukin-8; IL-1f: Interleukin-1f3; IL-6:
Interleukin-6; TNF-o: Tumor necrosis factor-o; EC: Extracellular; IC: Intracellular.
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mRNA F7KTPHEXTIEZHAG 6 775, CDKN2A (p16™**Y)
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KR He X R AL 2 R RPN R
CDKN2A (p16™MIER AN EF 1 A H Fefbi
hn, JEXFBEZH Y 3.8 £51%1, DNMT 5 DNA fi !
FEALAHOC, DNMTI Rk B <3558 DNMT 1
TEE, ffi CDKN2A (p16™ M) JLP FH LAk i,
SEOZIE A LR D, SRR 40 A E I R AR
#PE B4 4 (cyclin-dependent kinase 4, CDK4)Fl
CDK6 X} Rb £ [ 1k, A i FR i - iz
WAgE, WESRE A RRG R A, N UTI 1Y)
SRR, ik UCB & JEPY, MGMT &—#h
DNA &5 SCtE, Hnl IEE SIE% 0° i)
BESAL B AG, B 1R 2 245D, MGMT %
R/ TSN T DNA & il 8 AR S50
FEER 2 AE, W UTI & & XK, fE#E UCB
) Sl

Ak, UPEC il A3 A8 %R Colibactin
it DNA, SEIEHRZMRER, g UCB
MREERT, pks" KR A R A 54 kb 1 pks
FEIR ), GBS Colibactin®”, Chagneau %51
AR T 223 24 B AR B INE AR R G IR T PR AR
HRAEE, i3 LC-MS/MS TE 55 % 3 I REE
RS E] C14-Asn (Colibactin o144 o 3 1o
CIbP [iff Y] #) J5 7= 4 Cl4-Asn 1A 7% M 19

Colibactin), XKW Colibactin ) UPEC #] R
16 UTI " R#HEHRERLAEM . 551 UPEC
UTI8Y B AR FR i J e 6-8 i % ¥y i1 C3H/HEN
/NEL, ARBIT 6 h F 24 h BB/ INER, BRUBEBEHEA T
Y L2 FARUBE D 6o B LA B e 6 SR v 2 5 BT
ZEREM, 5 UPEC UTI89 AclbP HHkAHLL,
UPEC UTI89 PHRFEREYL 6 h J5 {2 A B% IR %
bR RS AR AN, I A A A ) 3
pH2AX 1, JEYL 24 h J5 75/ LAY bR 7 P AS:
F| C14-Asn, XEW UTI BRI B Colibactin
S0 TE B DR IR B B2 v 2 <tk A i v 3k BT
Colibactin 253 DNA iy 2 &éEkestfl, 74
DNA R 3SHk, fiifE E 400K H2AX 48 ik
fRfkh pH2AX ., 55 DNA #ifh, S
HRAR AR, R UTI fp3 i UCB B XL
B0 R, 95 8 & BLTE UPEC UTISY Rk
YL 24 h JE, BEMEIRES B RCER)ZMEN-14
(keratin-14, Krt14) FH4E(Krt14 ") RH 20 38, 5+
KriE] pH2AX P, [Hit, Colibactin AES
55 105 e PR I - 2 12 )23 <R 240 oL 0 % I R B 1
Bz 2 A 4N DNA $is, SEGER 7
AP K] UTI 5 8 UCB AR AR 5P,
UPSA G o %5 fif IR 3% b e 4 B D) S5 i
He N HKFEM UCB ) & JEP1 Leclercq 4P
TR 2R TE I R I e 4% A8 5 B PR Hh 85 3R
i UPSA 807 F&tk, JFTEMIMEYL A UCB 5637
S 2R AN U937 ERAZ 4 D s 228 1) P 240 e U
W4 fifd (monocyte-derived macrophages, MDMs).,
gE L g1 UPSA 807 Hikk&YL 6 h )5 , B-H/C
225 N UCB 5637 #HMdF 7 A 14/ 2= -8
(interleukin-8, IL-8), IL-1B Fil IL-6, /55 MDMs
FrAE TL-8 IL-1B FIYEIASE A F--a (tumor necrosis
factor-a, TNF-a), iXKH] UPSA 807 tkifsF I
4 S i, fdi i UPSA 807 HifkEY: 24 h 5,
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1E B-H/C B2, JLREBFEMT AR AN UCB
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[ B-H/C 2 a5 2L 2 U (lactic
dehydrogenase, LDH)JPLE ik, {2 UCB )
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AISEI T, FERERSTE /N BUBS IDE 75 S R ) £ o
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I 21 ffd & iE 85 1 -1o. (macrophage inflammatory
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e/ INERUBE IDE P o A R R AR TR T L 15
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&2, UTI F%J&H UPEC UTI89 k.
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RIS IS DR it b R AR LA R 375 00 58 B i 4
I R UCB XU
22 _ER-[8)7EBE% L (epithelial-mesenchymal
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EMT 2334 20 f i) 3% sl 5 AR 40 it 2 18]
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RGBT, &P BC 240 YAP JE R Kk &
FHEt, 255 EMT #ERR (i B Iohe 240 i
EERU L H R b 22 1 RIS K R A i 5
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TERIBBRA RS 4 dJ5, A UCB T24 4
FEH BB E A P E 2 LN 36%3E 0
£ 65%,CKI19 By IKT M 79%I8/V 2 51%,CSC
FISEFEH (CD44, SOX2, NANOG Fl OCT4)H) 4
kR FREY IR E AR A UCB
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&K, ik EMT i #25%, CSC ML ik
B B, RIS Ay [C R Y e 25175 i
TR RA, FEF, A UCB T24 4 &=
ROS &itfhm, FHEEIKAEN 2 (uncoupling
protein 2, UCP2)Zik b, 2 15 250 4 il R 1t 0
fiff % B 1 (pyruvate dehydrogenase kinase 1,
PDK 1)1k Fi, DTS5 S50 P I i ot i 3 2 i
(pyruvate dehyrogenase phosphatase, PDH)% ix
T, BN UCB T24 4 2 mfig & AL A8
AU AR AR Ak R 68 BEL L T I R 3E A — R IR

Nucleus

2 WEYEM EMT {23 UCB %R 5 FHL &

11 ;actic acit_:l

Eactic acig

TEIN, W/ N AR ¥ A B A g A, R
il A B AL, S SEREBEAE , bR g A i
HERES AR At 2 T B AR T RE I AR
M AMP 3§ fb FE H ¥ B (protein kinase
AMP-activated, AMPK)Z A T, #1055 g
20 0T B RS SR, T 1 e e 4 i Ao A
fife A B RE A, bR R A e e Y iR
A I 2 T B 20 P O BRI A- TSR AR
K & A % Bt 3 B (malonyl-CoA-acyl carrier
protein transacylase, MCT 1)k B, %8 FIR
R FLIRIZ £ 5 ECM Hp, e A8 A
fit it EMT s 7200,

Eubacterium sp: wq— MMP9
CAG:581
i e |

]

H
i

13
R

7 WY

Figure 2 Molecular mechanism of microbial influence on EMT promoting the development of UCB. A
bladder urothelial cell model is displayed. Graphical description of microorganisms promoting tumor cell
growth and metastasis. E. coli: Escherichia coli; ROS: Reactive oxygen species; UCP2: Uncoupling protein 2;
PDK1: Pyruvate dehydrogenase kinase 1; PDH: Pyruvate dehyrogenase phosphatase; AMPK: Protein kinase
AMP-activated; MCT1: Malonyl-CoA-acyl carrier protein transacylase; CK19: Cytokeratin 19; ECMI1:
Extracellular matrix protein 1; ERK1/2: Extracellular regulated protein kinases 1/2; MMP9: Matrix
metalloproteinase 9; ECM: Extracellular matrix; EC: Extracellular; IC: Intracellular.
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WFFE M, EAH)E CAG:581 Witk I
Jd ECM1 Al MMP9 5 fEiE NMIBC 2545 1
() % P Zhang ZEP Vi LA T 51 44 NMIBC
BAE 47 AR BURMEY R 2R, kI
NMIBC £ # H B R EATF I 8 CAG:581 Rk F
IR o W HE E— 2 NMIBC K45 5 5 AT
WJE CAG:581 mtkdtssss, JFaotrd gz
FRFRE, S5SRERVIEMTREIE CAG:581 Wik
¥ ECM1 3k, {3k ERK1/2 #iifk, It 83
i MMPY 263525 ECMI1 W] DI s
KB, BRK1/2 {55 MR L vT LA 57 255 5%
R, XS S5 5 AT LASTG K MMPs 154
S MMP9 X ECM 2K 11 HA K s, RERS
$t S T (4 R R LRSS RN, BT IR R
W ELFF TR B CAG:581 EFEFT T NMIBC Ay
WLk A

B2, KinBA REMEAEE CAG:581
PRI AR 2300 3 PR AT PR 65 B2 200 22 [ A 286 B B3R
PR % 1 R 240 B 0 5 4 LA I BR PR % 1 e 440 i i
Rk IE UCB AR AEFERE . LA, £ EMT
A ERH SR F B AR S (AR — IR
AR .

2.3 ZMREFERFMHESET-ECAR 1 (programmed
cell death 1 ligand 1, PD-L1)3R1A

PD-L1 FEE S T 40EH B 4w
PP T- 3Z K (programmed cell death protein
1, PD-DZEA AL HEANIEIR T, SEmHpdlfE 3%
FETRE, SCEUMR e bk Sk YRR T AR
i PD-L1 7E I 21 23 b i 2Rk K 520 UCB 1Y
RIEWPIA 3),

Chen S5 4E T 28 44 734 NMIBC B & 11
th B PRI 02 . i L2 e A S
i /N ST BT PD-L1 PR A7 Sy gl 43k
FY @ BT PD-L1 BHYERIBME 8% h
BERGIAE IR 22 P, g5 R, 15 9 filpp
FALHZ PD-L1 PSS AW BIR T, L EBHE
(Leptotrichia) . # I W J& . W R IT W &
(Propionibacterium) . fZ#T#FHDermabacteraceae) .
/N FT T i (Brachybacterium) . B B 5 i 1 &
(Roseomonas) . £ 12 £} (Rhodospirillaceae) fll
Juk} iR Jm (Pigmentiphaga) i) - B 85, #2718 il fiE
LR PD-L1 ik FEA KWL

S, A ] e g 22 PD-LL
B FER AR T, L NMIBC

Leptotrichia Corynebacterium

Dermabacteraceae

Propionibacterium

Brachybacterium Roseomonas

Q Ll
Al il

AN
X

A\
W

Rhodospirillaceae Pigmentiphaga

I

T cell

3 WEY L PD-L1 ki pk R 40 AE S & ki #Y 43 F AL

Figure 3 Molecular mechanism of tumor cell immune escape caused by microbial up-regulation of PD-L1
expression. Graphical description of PD-L1 and PD-1 binding promoting apoptosis of immune cells. PD-L1:
Programmed cell death 1 ligand 1; PD-1: Programmed cell death protein 1.
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SRR oh, e ERE 42 PD-L1
FIBH I THLI AL AE E R 4141 PD-L1 /Y
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3 %AW UCB TR faiayy iy
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% 80%P'. XFFILE NMIBC i, 45 ek
i 98 U Bk K (transurethral resection of bladder
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17 BCG HEHIRYT FTREARL 50%% K MR,
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B RS E A BE, SHUIRMEI, 1 470 nm
RO TFRIGY NMIBC “Zathm, B4
RAL,

BCG J& 1 4% #% 43 K #T 1# (Mycobacterium
tubercul osis) i 1o Jik 75 5 il B A IE T RE
1976 4 Morales %5 & X i BCG 1A f % il
FFiRI7 UCBP, BF5E R IR, 30%-50% 1
NMIBC /& X BCG Joli % o B b A iy A= 2k
W) 2350 BCG & EAE P 1% s 7L & FT 5
(Lacticaseibacillus casei) BL23 @#kP" . %
& %6 & ZL AT T (Limosilactobacillus reuteri) 1063
Bk O F L 7L AT 14 (Lactobacillus iners) AB-1
R PR VA LR A B8 IR b iz AN v G £F 5%
EAFM, "TRESIEA BCG HEAMNLE, T3
BCG Joikidint £F 3% 4 ik A PRI b R 4

M TTTFEAR BCG #7350,

A, 7 NMIBC &+ BCG il
HAAEST 259 S BEAR T R A PR P i A B
AL ] BB R NMIBC F2 3% 10 155 %, i
BCG MHAMIT24WI5, &k BESIRE R
Hh S BR 1A J& (Aerococcus) X F R B, RE K
5B IR S A 8 (Ureaplasma) « 3527 EG /2 20
14 & (Escherichia/Shigel la) A %) 3= i 45 25162,

32 BRHBEIDITKE&ESamonela enterica
subsp. Typhimurium) 11218 E# N S
P53 EEIhaEtkE

P53 3 P U BE I WK B I — I FERY UCB Bt
ORI, Pérez SN Y A4 Y P53 I[N 5 HA%
FIBEAMR pYA454S M, W pYA4545P53
Bk, H A 2 R FEVD T TIRH (11218 TEHE,
PAFT A FRAGFEVD T TG 311218 pYA4545P53
PRIAR o % B R FEIAR SN2 2\ UCB 5637
iR (AR HICHhRER) PS3 ), Ak
WA B AR PS3 M LhRE ™, 45 EW, ¥
ZEAFEKRS A ZE A UCB 5637 41l & 5 H A
KR 14%-64%, 1AGFEEFE, HAVUE
MTIRE, BeAh, BAGFEVDT IR 511218 Htk
I BT AR R Y A R R R A FE R
LRI g B | {EL P T A0 P i = BT R
B, FTLAANTR 2 H sh 246, SRR DR IT e A
EERA ), RZAMEIRIT LN, R
UCB W3R I7 A0 B,

33 #HAEE

X5 T FREK T (Butyricicoccus pullicaecorum)
LA AT UCB fEA™. Wang %Y
KA E i T IRBRE AL ISR 4-6 AR
Mtk C3H/He /NRIIE T, G55 R, /INERIBEIE
PR % b B 20 B %5 B IR U5 B2 (short-chain fatty
acid, SCFA)HH -5 [H (Gpra3. Gpr109b Fil Fabp4
)Rk B, Gpra3 feswl SCFA Ji&, MM
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PR A TS HTR TGP, GPR109B 25 12
IR SZ A, RERS ORI BRI PRI 1 Kz 40t
felitR4E & H 4 (fatty acid binding protein 4,
FABP4) it £ ¢ 15 BEAE 1 ] 9o 200 e 174 A= A< i i
O AL, #NFENSE B T R B A BUB A
Y, WEIEIN R, WE B T R BR B T e A
AT RRER R AEYUE Y. ORI E K T RN
(sodium butyrate, NaB) 7£ & 4 &b # A UCB
HT1376 4iffi%, 45R%KW], Gprd3. Gpri09b
il Fabp4 ) mRNA /K82 B, 735l Rs
NaB AbHE) 1.4, 2.8 Fi1107.7 £i5, W NaB H
AP e, FE, BC M5 M (bladder
cancer-associated protein, BLCAP)F1 Fas Bg {4
(Fas Ligand, FasL)3RiA & B 2 iR, 4052k
2 NaB AbFRfY 29.2 F5A1 2.9 5, ML
T, AN, A P 1 (cyclin-dependent
kinase 1, CDK 1)Kk 2 T, EHRZL NaB
ALEEE 0.5 £%, FHIZ NaB AbPRFHAS T 40 AR
WaggeY, P, XH M T RRER R A TR
AT X UCB MHTaafE Y,

PRV A LAY 7 8 RERF (IR AE 2 UCB 1 X
ey 03060 i LA i L AT T R AR 0% T
NMIBC & &% Naito ZEF58 & B, XF
TUR-BT A £ 35 5% 1D P 112 3 ) 2 3R ] A i
G ORI RS ALES AT I A, 3 AETRE LR
74.6%, KU JE—FHRL L A RIS IIRIT .
Miyake %778 2 UCB A9 5 I AOHENE C3H /)N
BRI i mh 3 SRR ST 2590 91 11 kb 75 00 1 LI AT
i Shirota YIT 9029 & #k Al 46 X 7 4T
(Bifidobacterium breve) Yakult B&#kGEH i )ik 2%
i A 1K . Kandasamy 2507 afi 3 R TR i B
2 7 I AT 1 (Lacti caseibacil lus rhamnosus) GG
PR, (L RRE 7 W TS R S BT (prostate
specific antigen, PSA)FI IL-15. 453K, 7E/K
HPMREAE I DU R S P SR SN, BBE FH TIRYT
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BC", Kitagawa %253 J2 B 11 ROBUE: FF 74
(Bifidobacterium) > 2k 1A 14 9 i 2 1 BE 08 10 il 1R
UCB #yBfitE C3H/He /)N BUBE B Ao 09 4 K .

4 ReES5RE

ASC GRS T I IV RN PR RS W R R S A )
5 UCB ZRIMK R, 154 b, ATANBEZE
TCWEL, (BREREE N R FEAR A, 1%
IO P R sl A 0 e B, AT TR A D TR
A%t UCB MEUREH . @B ARES UCB &
) R VB 0 A T I F 2 P B A A o 2
5t 1 H NMIBC Jifigd 21 23 938 i A 4 Z2 kbt
25 F MIBC i 2l 28 N o AT A 1 AEF
5% UCB &% TUR-BT ARIFIA S5 IR Pyt
ZE5E, TR R BE R HEYIRERAE, DUER
B = p MRV AR B R AR W) o TE AR TS SR A
FERE PR Ad B AT UCB R il 22 5%
$RE] UCB WA bRaEY, SR v b T 0
ZWr UCB.

T U E DRGSR MR R RAE, I H
Al RER A 5 EIFIE . UPEC UTI189 BRI A
UCB 5637 4l 2 Ja 2334 in DNA & il H 5 i A
Z 3153 DNA F3AL, Sk B iy %k,
Hahn UTIL M5 & KB, fig i UCB /& Ji€ . UPEC
UTIRY Wtk S ™A FE R #E R Colibactin, BB
5 C3H/HEN /)N BRUBS IR PR % 1 Rz 86 123 <pbk 240 i
B I PR I - Bz 2 P A ) DNA 45, &
FOEHNRABWER, ERKY UTI 3 UCB
IR . UPSA 807 Rtk Y: A UCB 5637 4fififl
FHM C57BL/6 /NG SFH AL RN, 500
UCB WyERE. [, KI5 R EATH S
CAG:581 I kkiE 152 m] EMT i B34 i iR % b iz
LS B, BRAR PR b B 40 M 2 8] i 5
U PRI Bz AN AT, A 1 s 40 e 1 e
ML, o, FEWE . BITFEE . NIRRT



XRS5 | AR YA, 2024, 64(7)

2219

J& . BATHEFRE. NEATHE . B | 2o
WS TR B R v e} B A T BB S A A iR 2H 21
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HE i NMIBC (8% K £ /& i TUR-BT R
JEIEENHET: BCG 69T, {H2E BCG WEITEH
Bk, mHA BEXT BCG W, H4 A%
TP 511218 pYA4545P53 HkkA 31 P53
A YIREMR & BRI A UCB 5637 4l it & (4735
., S UCB iRy 44t 1opr Bt o A PR T
PO J5 1 B FLIAT I GG ARt R
AIRIT BC BT W, CTIRAS E B T R BRI
FUFF IR . 7% L W AT D R0 L % s L AT 1R
Shirota YIT 9029 Bk . % XU AP Yakult FE#E
AU, FF 8 i Sk 8 A 1) e o 2 T EL AT B I
1HIT UCB WTER . MERAMAERIT UCB B
RIVER/IN L ORI 4 a5, EU2 B A AR5
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it FF 5 DR TR Ak O R R, AT A
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