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Advances on the treatment of Fusobacterium
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Abstract: Fusobacterium nucleatum (Fn) is an oral anaerobic bacterium that has recently been
found to colonize on the surface of colorectal cancer cells in humans, and its degree of
enrichment is highly negatively correlated with the prognosis of tumor treatment. Numerous
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studies have shown that Fn is involved in the occurrence and development of colorectal cancer
(CRC), and Fn interacts with multiple components in the tumor microenvironment to increase
tumor resistance. In recent years, researchers have begun using nanomedicine to inhibit Fn’s
proliferation at the tumor site or directly target Fn to treat CRC. This review summarizes the
mechanism of Fn in promoting CRC and the latest research progress on Fn-related CRC therapy
using different nanomaterials. Finally, the applications perspective of nanomaterials in

Fn-promoted CRC therapy was prospected.
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rh LR A E |, AR T AL 1A 2 21 [ PR dfa e
WFFE L (International Agency for Research on
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R BN TR B 4Bk R A 2
AN S A5 AT B HAZ A2 AT T (Fusobacterium
nucleatum, Fn)fE CRC Jiig rhi Sk g g2 1),
HAESS Bl & et v, Fn gy 32 BETE M 21
SUh gk i, & E R Fn 004 EH g R BUS
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Fn &P 22 QR A s AR T, &
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Fap2 Wi 7EM R A0 CRC 4™, &
5% CRC 21, Fnilidi% 508 E 40/ DNA i
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1.1 ERBTRESEEMREAENMELR
BV Fn g AETE T R E, MLt
LB AN ZIHIE, IwIA B Fn 22 MGk
Pk s CRCY, HZR 1Hi A BESE AN FadA |\ Fap2
F1E Z M (lipopolysaccharide, LPS)55 7EfieJ8 P &
HERERZEMY, Fn i iR mER AL, 7
&S 809 444 72k Fad Al FadA 5% b 3%
YRR Y BRSO EAE R, SO A
B-catenin {55, 25 SFPE T SAE FEUE SV, 3K
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)R AR, eAh, HERMRIAN Fap2 fEiR
MITEE G55 H A i = 3R A 1 D-2F FLAE -
B(1-3)-N- Z it -D- ¥ FL 4 % (D-galactose-B(1-3)-
N-acetyl-D-galactosamine, Gal-GalNAc)™, # |
F Fn{E CRC (J5EFE ., Fap2 it n] 5 NK 4iifiti%
TR T 20RO Bk A 1 G028 32 1A s 24 FR A1
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o8 20 A G B A AR FET ) LPS A Sk g2 il 4
B A ] 385 s AN Toll FEZ4A& 4 (Toll-like
receptor 4, TLR4)/ %8 #£ 7 1k A F (myeloid
differentiation factor 88, MYDS88)Zlk Jz )i Fl A%
[Al-F-(nuclear factor-xB, Nf-«B)ii i, #f—4 i
microRNA-21 AU, fEib@aniasgsg. [\
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2 IL-6. IL-8 LA K IL-1B %5 7K 19 s 1 LAl
R MR AN Fride T fES | & 41 il DNA
W40, B S5 DNA #ldis E ikms %
Wtk s , A SheE fedkas E e kA
1.2 ERBTERHAZERREED

IR e RS e — R A 2 s A, A FE R A
FRL DA e I S 5, 2R M VBAE 30, R oA B 24
MIEsNE, BAIE Y % #59% . Bullman 55
R ILIA— Fn 8 2 R E 28 UK PSS e 2H 2R
RS AL R 2, H & A= Tk R 45 e 78 1Y)
CRC HHH Fn 218 035w T IO 455 784
XKW Fn Al REfEHE T CRC M5EH5 . Fnjdgen]
SN 25 W i A0 B B A DA S W, A I AR
miR-1246/92b-3p/27a-3p 1 CXCL16/RhoA/IL-8
M\ B e B 20 A% 3 SR IR L i i b, DA
SRANMLITE RS BE S IR IR AT, Xu UL
B Fn @R BAR R F 20 (C-C motif
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I, [FES M2 BNl [, Fn g
i NF-xb {5 5l B, @it CRC 41/
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YA . 40 [a) &b B 4> F -1 (intercellular cell
adhesion molecule-1, ICAM1)J& T Zh [>T H 4
FEBK AR R R 1 BT 3 S AR S 2 AR
ShG, WEORIMIE AN . SRR A0 N B A M B G
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HRB Fn Al LU 75 SR ) S22 AR R 2 O 1
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ICAMIMIHIK 55 9E 4% RNA Keratin 7% 3
ik, MR CRC 405 N B AN RO RG R, 2
HE IR 240 B i B TN
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i K b CRC BIGRYT F- 200 T At i 2t 254
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5-FU). REFMIEFIEIZE 25 5P K 28000
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i 245 100t B AE A2 K, 3 M A 25 L o JR
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S EMEXT RV S-FU L BB R R 8
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X 2 4> microRNA Ayl = LE4AH I F Wik T FF 5
WA, M4 BRI A SRS
i CRC /)N BRASE RS 34K TLR4/MYDSS A LATL
% Fn Y550 CRC AL Hkpt, M AR 2 0
o HAPIFEY, IR IAP EEAEE
[ 3 (baculoviral IAP repeat containing 3, BIRC3)
VE R U T ) £ P 2R LD, B e A
caspase L HK e NI AR T, FE CRC 1Y
LI HEHLY. Karasawa P W5 R B, Fn ki
RERA R ACHE CRC fipfid /R 5-Fu BYMHZY, i
BIRC3 JE [N TTERAENS & Fn &8t CRC fif
S8 /N 5-Fu BRI

ZEPR, WK 1R, BRI S E
BIERY KR | RS | T 2 A S B IR B T
FE T AT ZARER o X7, X BAZRAT
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Bullman %% B F H ASMETA YT Fn BRI
SR R I S RN RS AR IR /N B AT R AR P 2t
[ FsF 000 S 9 200 5 8 0 Ao A i e Bl 2o
HFT W Fn o] LIEA CRC BETEAEIRTT
Pio WHREE LI, Prac 2yl el Vepixt Fn HAGHT
ARG, AT LU SO R B0 A K AN L
Fn. 1 mmol/L B[ &) DEAR ] DA I8 Fn 1415 v A
- Fap2 Fl FadA (BRI Rk LLA ] CRC 1Y
H P, —3 Meta 43 BTk by 1 I FFBRT ] DE b
A FAR 25 798 (RR=0.85, 95% CI: 0.78-0.92)%
A AR R, ARFBERM Fn
SXof AT ) DG AR B4 SRR AR ], 2 A T 2 vk
Ao HULREIE, AR E ARG Fn fFLRE /N
B H et FH R v, R IR 3L D R A
KRR EDY ) B IE T AU E R T
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Fn promotes the occurrence, metastasis and drug resistance of CRC and inhibits T-cell-mediated
immune responses against CRC. Produced on BioRender.

T Fn IR R B9 AT BETE o (BRI R 4T
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T I A K AR BAR R AT R (A 16 9T 4
Wdig B — A~ S . Fn & S QPR IR
A, AR R SO T R RE o
WY, H Fn QWA 2457, X 15 Fn
FROYEST T e A ER AR o R B 1 —Fh iz fd
PP, B AR BR T LB B R
AN 1 RO RN, HLAN KRR A 5 77 A i 24
5y T A TS A T R ) R SRR, B ek
ETHRE TP ERER . B ETA OF R
KARB 50 Fn, #EMERENAYTSS B H
[, Abbas U IFIE K B, K 3 o fRj B
WS s AN 10 nm 1Y 98 OK 4R
(NanoSilver-IMTA), NanoSilver-IMTA REW% 5] &
P A P 36 FE . TEAUKER Y HER |,
AT RGN RST DO T AT, 2 4
T YRR R RE S . Haidari P T 85
S B/NRST (<3 nm) Y 5R PH B R 400K [ 7%
(polysliver nanoparticles, pAgNCs), XJ Fn B A%
FIE & (minimum inhibitory concentration, MIC)
/IO AR 25 pg/mL FEAICH 3.375 pg/mL,
ISR TR ¢ (minimum - bactericidal concentratio,
MBC)Hi 50 pg/mL [N 6.75 pg/mL. {HARTE
RIS, 5T AN OK R OR B BT AR 3R A
tb, pAgNCs [B7n i I 25 S8 3R 40 1R it 24 Pk &
HIRE T

BARAUKRER T H R | fbay | ol
AL PE BB T 12 Hb b 7R B 7 sl 0T U 1
ANEERIRTTIT AL, AR AT BF5E 8 R BRAOKERTE N
EZARGE, R RS R RFEMATHRSE
5, AR TER A MDY, B, R
A FE KR B T 7 A0 A B PR LB R o — 2P Bk
HEGUARAR BB R AR 2 E , R 2 R FEGRAR
I3 B H AR AT B A 45 B iR T i — A&
ST 1]
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BERRA MM BRI LS 0 TS (H
R AT 22 A0 0% 290 B e R AR 3 4R e R o) e A=
Py =~ UL ) IO FH o A e P ORE AR — Iy i) 2R
T T ik e TV R A R B B XN 3 T A A —
BRI, EA MR F-F AR UM RE T
A1 1Y 2 RST A 3 R 0 1 (5]
75 4% (carboxylatopillar[5]arene, CP[5]A)J& LK%
R Fa 2 ALY, TEIME TOR B8 1R 251 T e
R AL, 32 5 R R A WA B AR A 2
Mo Liu ZP1% T i 4-(4- 5 5 50O K 1
R)-N,N- - H T (AZO)- 8 T IOk iz - i 750 A
KR 15 47 [4-(4-isothio-cyanatophenylazo)-N,N-
dimethylaniline, PAMAM-AZO]H 43544 K Bk,
FAEGIKERIME CP[5]A, TE XY PAMAM-AZO
@CP[5]A(Q-P-A@CP[5]1A)F THi i MPi 4l B
FEVRTT o ANOK BRAE IR TR 58 0y I M i 137 £ 2R Sy
BRI A R e 1 AN KT AR A Ry TE
PPIRAS, BT B A G YT 4 B . Ak,
AR R Z LA K Fn, /b T Fnis R pg i
VR HCHT, AR R b AR R B i
INTRVSFIEAA, R RIAFPUEIE- .
HARR TR AL /NIRRT TR 10 g, 40
KA B /NRAR T BT 5 g, R RAFM A
YIRS

LN KA LR FH 244 I e AR AL ) 22 38 1
R, BT R N ) 48 KA BHE SR AR Ak 51
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Fn. Jaetk s i B i R 4R HE T — A4
X TE H A VR R T )
2.1.3 RABEIE RGBT R AT S B RE
H ¥R (lautic aid, LA)E—Fh KIRAENIHEZ
T o0 RO R DA R A P B P M, 5 S A TR A
P E . B TFAMIBE R . Yan 2500
W LA BV FIEIRT 24 (0xPt-COOH) Al 32
1B 45K H i (polyglycidol, PG)454, G IIA
FP[TIR(CBL7]) 5| & 43— 41 N T ke e 1
ST 9K 259 (PG-Pt-LA/CB[7]), 1@t 4h KA1k}
Y1455 7 B (enhanced permeability and retention
effect, EPR)&UN., CRC 5321k BOME Bl 5 4t
RH5F PG-PT-LA/CB[7]+ PG-Pt-LA, F&ji i
) B YD RVEAAE = 2R A R TH RS 4 Pe(In)
DL A AR o [R) IS0 K Bk 2208 R LA,
BRAGMIBEAL R Fn, A1 Fn 550
NF-kB. IL-6 FRikFEAK, H NG E WA B
REYFLER, f#B% Fn s CRC X Pt(IDAYTH 2y
FE T4 W e IV R 5% v 2% 38 NG e AR
A WETH IR B AR pH AR, BB 22 e 10 1Y)
ST KR PG-Pt-LA/CB 7175 Mg th 26 3
HE S, H 24 h BRI FIA
1 4 4%, BB EEE 1R E R, INTRER S Tb A
B IE 8 s e st . [WIRE, @i EBR Fn
Fmd AW, ATORIRSE S AT Z) CRC BILST
2.1.4 EBTRELARTREATSEERRE
PL_E AR BB — e ROR | (BAE 4 230 7%
HOREAT s b, xR R4 gt s
B T AT o FRAR RTRYT R (LG 25 BN 45 E I b
AL, g AL, Wik, PrREiT
Fn 7E CRC ®EMFrATH T EEEMM Fnig
J7 CRC B4 AKF K}
Mk R A I (2 22 A R i 2, DL 20 A
S RERT AR E R A TR IR T T HAA T S T
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Zhang TR H 43 L RERE SR T K Fn
MIWETR A, 0 S BB TR A, Hehr
T2 01 AP ST R ) SR A K R, A T O
T G A T B HE ] R} 1] T TR AR
PESR AT o R, 90K R G H A iemE
THEHE A 2 T BRI T G 8 , T 45 B i A=
I3 L A F SRR TR 15 S B R S e N2 o
WA, TS A 27 ) SR A A Uk mh B P 7
JE, BB Ak B o X IR 245 B g/ Bk
17 IRE K 25 24, RaESE N T S E R iRt
R . Dong S5EUHE— 53 20 W R 1A R /R B AR (A
AN T B —45 4 Fn il M3 TR IR TR BR , 6
AN K AR B 5 I A A o A B e
KR T IR A MI3@Ag), MI3@Ag
AIEREPEGEBR Fn IR Fn 5 09 S il i
WK 2). Fn fE/NRIBENESE 24 h )5,
MI13@Ag ALFL IR AT B 45/, MI3@Ag
B4 o-PD1 B FOLFIRI (fFS7 85 . 7 AR ES |
5-FU BXBIRTT)IRIT A B AT R O s K
(A A Bt A]
2.2 MEETEZBFES DI T ESIETT
EEME

YR RERT DLE o T 0 i -
AR ELAE AR A s e 167 K. Fn o d@ad
FAEE T Fap2. FadA €5 CRC, FHE0E Tt
G MR A AR B . KRR . A,
T 1R AN G B ZR 19 LPS, LPS /& CRC
RN e v A AR PR Y S T A, ]
PO I A5 IR T RN R F-(4n pNF-kB . p65.
COX-2., p-STAT3 Z5) UL N ] 8% % v K 7 (i
IL-1B, IL-6 %), Song MM T —fip T2
16y LPS $EmIE S, Ky 50 i e
Jig It -fak 25 11-DNA (lipid-protamine-DNA, LPD)
QKRR T, HTEREEERIS LPS ik
F1, BT LPS /- RifE 5. XR9KEN
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Figure 2 Schematic illustration of phage/nano-Ag hybrid system (M13@Ag) for Fn-based CRC immune
therapy and its micromorphology[38]. A: Mechanism schematic illustration for CRC therapy. B: Transmission
electron microscope images of M13 phages, M13@Ag and their interactions with Fn. The filamentous M13

phages were indicated with white arrows.

IR RGA KGR T Fn N B 22 AR
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1 CD4" T 4 LA Kz MHCIT FI CD86 #4 2 {k 2
Ji H 5 A, T MDSCs 8580, {2k T
Pt PD-L1 H4TX} CRC BIRYT, HZ /> T CRC
4. 5 PD-L1 MBEAIRYT Bon i R A H
AR IR, SEAHT PD-L1 Jriksi
MY LPS FABFF AL, BOAYFIRER T fari
ANERAAE TG 8] BFAER: CRC A9 B EE RS,
JHHER LIS CRC MHRFET- I — P EH BRI . 78
XAMFFEH, LPS ffigR N A3a 7 241 0 I3 R4
LR A S R W AN 2 R S L e R KT 1IR3
FB LPS #RV6 T AL AT LA i & % CRC /Y
GIEIRYT, WAl LU PR 0 Kk
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B, FIARERAAIINTTEE LB, Fn MY
LA 45 8 A e A A e i e i
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AR {5 55 308 5) CRC 228 . #%, IRl
TR T R s b R R R 4 40 K B R
F T HAZ AT 7 BH A b 98 A0 () Y 7R R K SF- T
o5 )R8 AT BE IRy — TR T BB B R AE YR T
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3 4iE

F M 2012 4 Kostic 25 P RIS T 1 RAE
A FnfE CRC H i H &4 LK, Fn 5 CRC M
AL FE B AE B IS N, Fn 5 CRC R |
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H, Fn RN R AR A S8 e E
BB IERA , KA /R Fn 7E CRC &
A R B UL R RS RN 25 i ELARYE FALEE, IFF
XL IS T Fn AR CRC Mi2y7H. &
SREFICTAKRMEE Fn /5 CRC 29741
o tbi >, HAER TIRITOEL B2, TN
KA I 20 A5 1) A K RUBE 2548 % 5 F A T A8 A
PIPLF, BEATRESAE R 24 M HOA SR (R A
Y. TR TR P A R e A A S T o ) e R
Ti1) 326 326 25 P S IG5 1 7 () 25 0 RE A, I T
AT {5 1 S 3 2 A LR R R BT 127 o B AR L5
TS X URABHE Fn S 1045 B i
R IT ST S, FIRHZORM RIS Fn A 20
CRC WHALW K SRRy 2 — B i ek &
JEE R 4T

AR R ZH 7 ) FH 290 0K 20 25 AR A 5 40 R Sk
YL RS i RRE T2 T 25 7 T T R R Y T
) A ) 45 45 75 S 10 400 T 5 T DI 1 4 R s
BT 240 TR SR 1 R SRR I v R,
1) P W 200 0 F 4255 FY) MIOF 40 K 5 PR 28 A s 3R
T /INEUAR YRR E 1 R s T Y, A T AN B
" AR il il U M 1 ) 1) B, SR T B AL
R W R R T Rk, B P TE B R
AR AL F Uk B AT, BRAAE BE b2
IBIT, ATLVE R—FISE i CRC JRIT A . 40k
MEHE LA BN 3 0 45 B 697 ol B
B RIETT AT (1) i PR E— 4R Sl
KMERT Fn R S PERVE R, BRARAKAER |
FHES 0G5 W0 56 ) 3 2% T M B A 28 2 1Y) B¢
RITER, 697 CRC MFIBHE S AEMHEM; (2)
BT Fn RMEPEE Y CRC MR ELIA-Z K
4545 (Fap2-Gal-GalNAc, FadA-E-45 K58 )40
KbPRE, IR ERL T — A, Bk Fn A5
) CRC Jazh. k&, HRMmizy; (3) i
R PI(LPS . B R ER) Sl A i - 5 R iR
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TR S R RL, $EMTTTZS CRC MITRTT AR
IR RS s (4) FET Fn BRI S
L0 () B 10 1T e KA T DL AR HE FadA il
Fap2 %52 MBI BT 9Kk e iG e, Ry
fa e AR LR S . PRI, BV Ol Rs 4y
TEEBIT R R IE PR HE AR, GO BIHE
Fn A 045 EGRRTT TP R RAER
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