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Research progress on the application of nanotechnology to regulate
the microbiome in the treatment of cancer
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Abstract: The microbiome is a significant participant and driver of cancer development. Using traditional
methods (such as antibiotics, probiotics, and microbiota transplantation) to regulate the microbiome has been proven
to improve the therapeutic effect of cancer. But this type of method also has many limitations, such as the indirect
damage to the symbiotic microbiota and the consistency of methodology. There is an urgent need to develop new
technologies to solve these problems. Considering the success of nanotechnology in the field of cancer diagnosis
and treatment, the use of nanotechnology to regulate the interaction between the microbiome and the tumor
microenvironment is also expected to provide new and effective strategies for cancer treatment. In this review, we
summarized the characteristics and advantages of various generations of nanotechnology, and reviewed the recent
research related to the application of nanotechnology intervention to regulate the microbiome and its metabolites in
cancer diagnosis and treatment, and discussed the challenges and future development prospects of this emerging field.
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Figure 1 The role of bacteria and microbiome in the tumor

microenvironment. a: The carcinogenic mechanism of bacteria or
microbiome in the gut. (i) The inflammation caused by E. coli can
affect microbiota composition and promote carcinogenesis; (ii)
H. pylori secretes type IV carcinogen; (iil) £ nucleatum causes
inflammation and carcinogenesis through adhesion and invasion of
epithelial cells; b: Tumor-associated bacteria at the distal tumor
site. E. coli: Escherichia coli; H. pylori: Helicobacter pylori; F.
nucleatum: Fusobacterium nucleatum; TAB: Tumor-associated

bacteria
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Figure 2 Nanotechnology strategies to interfere with microbiome signals/metabolites. a: Nanotechnology to interfere with bacterial

metabolites such as toxins, carcinogens and immunosuppressants; b: Nanotechnology intervention in the gut can (i) bind or (ii) secrete

binders against bacterial metabolites; c: Nanotechnology intervention in the vascular system can (i) bind or (ii) secrete binders against

bacterial metabolites; d: Nanotechnology intervention at tumor site can (i) bind or (ii) secrete binders against bacterial metabolites or (iii)

transfect mammalian cells in the tumor microenvironment to secrete binders
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Figure 3 Examples of nanotechnology that manipulate or respond to microbiome signals/metabolites. a: Preparation of lipopolysaccha-

ride Trap plasmid (pTrap) loaded with LPD nanoparticles (Adapted from Ref. 33 with permission. Copyright © 2018 John Wiley and

Sons); b: Differential administration of doxorubicin triple-layer nanogels (TLND) on the lipase-secreting bacteria infected tumor (Adapted

from Ref. 38 with permission. Copyright © 2013 American Chemical Society); c: Schematic of the preparation and function of a
C3N4-bacteria hybrid [Adapted from Ref. 39 with permission. Copyright © The Author(s) 2018]. DSPE: 1,2-Distearoylphosphatidyl-
ethanolamine; AEAA: N-(2-Aminoethyl)-4-methoxybenzamide; NO: Nitric oxide; PEG: Polyethylene glycol; TLND: Triple-layered

polyethylene glycol/poly(e-caprolactone)/polyphosphoester nanogel
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Figure 4 Nanotechnology strategies to regulate the microbiome. a: In the gut; b: In the distal tumor microenvironment
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Figure 5 Multifunctional strategy on polymerization-mediated dopamine and chitosan co-deposition coating to modify probiotics surface

(Adapted from Ref. 42 with permission. Copyright © 2021 John Wiley and Sons). PCS: Chitosan co-deposited polydopamine
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Figure 6 Examples of nanotechnology to reduce carcinogens. a: Preparation of gastric epithelial cell membrane-coated nanoparticles for

targeted antibiotic delivery to treat Helicobacter pylori infection (Adapted from Ref. 24 with permission. Copyright © 2018 John Wiley and

Sons); b: Phage-based biological/non-biological hybrid system (M13@Ag) for anti-tumor specific immunotherapy (Adapted from Ref. 43

with permission. Copyright © 2020 The American Association for the Advancement of Science). AGS: Gastric epithelial cell; PLGA: Poly
(lactic-co-glycolic acid); AGS-NP: Nanoparticles coated with AGS; DC: Dendritic cell; MDSC: Myeloid-derived suppressor cell; AgNP: Silver

nanoparticles
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Figure 7 Phage targeting mediated biological-non-biological hybrid nanotechnology for the treatment of colorectal cancer. DNPs: Dextran
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ZAR N 77 BB A 2 o B0 B AR B T A B
A% B 58 TCAE 0 11 1) B S 50 3 A Bl AR ) i s B
B BRIAMKEZZR . EFAR-BELCRILEY
[poly(lactic-co-glycolic acid), PLGA] F 5 A 1 & 45 B
KRGV EA T, X R AP 7R 90 Kk
T, T e e B R B K A ELAE FH B 2 B R iE B
B b o R PRI SR KR SRS AL I G KR, R &4
TR R LR N KRL, 7EA AL B W n] R A BN
B EUY . Angsantikul ZEPYF] H B & 7 40 9 B (AGS
I M) B2 A1 3 v F R Y PLGA il 2515 21— Fp i 2B
GUKKL. BT H bR 4B E RS2 AR R A TR A TR R
T %) 286 B 3% 2 D) A7 [ B A B, DR % AGS 48
JH6 A A P47 A KR BR AR e 5 e T B AT B A &5 &
(& 6a). HL 7~ Sk ol B0 A L B8 A B B 1 3 4 5 SRR
S, LYK 20 A TR B AR AR . SR
Ira) AR U B 0 2E 2 R0 B 4 HEAEL AR L, A TS A i [
WA B R AR A R ) KR 3R T B R T
FFBR 2% KR o X I T AR AR TE 1) 5 28 9K T8 97 SR
RET =N ZUReMIEE T &, B TR HRREE
4 i 1 T e A0 2 P 9 K AR (R A SRR 35

Wi A1 A 51 3 PR ) 77 3 e LB AN KR B ) T 485
A B AZARAT R PR, R I ok 5 1 R AR B 1 K
MAFBE . TERTHATTE S 44 I, Dong S5 Y T —Fl
T o O R U A R AL A R T SRS (] 6b).
[EP b BV ¥R LN s 5 NIl ik s B et v SR S G
) F AR T A IR R R 22 R R B A (M13). B, E
— G IEEAL T 8 AN [E AN KK, R IR R AR
T B A 1 255 R B U 1) AR BR AN K KL (silver nanoparticles,
AgNP). K AgNP 5 M13 Wi B 14 ) 4K 56 25 (Al i
1R B 23, 8 I e i B AT 3RAS 4 8 HR 40 KOk (1Y) Ik
B AR M13@Ag) s B4 S50 IE B, W B A4 m] R S P
BEAE WA AZRITEB MR S, JFiE— 2N &
B G K R AE i 98 A o B AR AT B R R AR .
MI3@Ag 7E MR I 5 AR R 5, BN Kb R FH e 1R 4
FRRG 20 VR 0 AL A e 5 4 % A0 S AR LR AR A T, L I
TR U8 4 28 30 1 40 9 (myeloid-derived suppressor
cell, MDSC) ZE4E. b, MI3 W ARVE N —Fs a5 B
A v P G g s PEUS) AT R L AR A A B L
WorE £ AR R g8, A5 3 H R 41 i (dendritic cell,
DC) H#4 IFAR 2 M1 3 24 Ji g A8 OC B R 28 i (tumor-
associated macrophages, TAMs) 3% LU, 44 Py 4b 5k
W R W, MI3@Ag 107 W IE KR i iE N 1) B AR AT
W, JF S BUME AL MDSC 3 34 9 b, B35 1 R o
H s B PR R R . UERE S e — 2k
T I B G A A AR R, TP B R
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gl MR R TT R S BB AR R . SR A R
T AW AR OB 2 O i, s R i 18 B A AR
TR IR ST I ROR .
33 AT BEREMENNREARBTRE #H4E
TG FFE — LE ANl A SV A TR WD R I 5 1 A A4
A a B PR A G B, T 608 1 3 i R 1R A LA
R ARG AE F O T, 49 K BR T Sk ) AN ik
i AR TG, R R I U Y B 3k AR B 1 A S T
(Fda). 2T GOREAR M 2842 70 F G0 9w ] Ji it A A
SO S (0 pH 20 B AR A) B TBONL ] BT X E 5 48
P SIS ) L ) R, R A B 2 AR e B 21 i 1E
REE A RS AL

TEIEH TAE A, Dong St 7 — i 26 1 05 B 44
Sl AEY-AE A FACH KA L 1) 1 TE T A P A A
WT Ik, H R OGE &5 B e T AR (B 7). ok,
MNZEHEIR (P2) H 2 B0 H — i e ek e L B 5 ik 4
PPV I B A, UF B B RETE R BUR ME R R AT . B
JEHEFEN GE BT — AR O T 2 AR AL BRI
7 S WE YN KR (irinotecan-loaded dextran nanoparticles,
IDNP), fE A BRI G, & B0 B MR B 4K (azide-modified
phages, A-phage) 1] & i A4E ) 1E A2 Je BP0 O A
IR 2 fe (azodibenzocyclooctyne, DBCO) & iffi i) IDNPs
(DBCO-modified IDNPs, D-IDNPs) FA/ 14 52 1 B W 1
RN S HIYK 254 (A-phage-D-IDNPs), #E [\ T #5747 B
FZARNT B B 45 B M e S0 o Wk B A0l o LA v PR R
PE, BETH KB — MR A4 TR , AN 52 H Al 40 B, (R i
I T A PR L [l M AR VR T 45 B 2 2 SR I 2R — AP
Y5 45 JI6 i B% (short-chain fatty acids, SCFAs) #2 Ji & £F
YETAE W) TR TR B = i, AN DR 2 i T PN B 5 S A 1
HFR T AR AT S B ) P2 W B A B
PR 1R DA A B Aty S o 48 1R 2 I H A8 /0N R A DA
P FRRE W R EE R ER ) T IRAR B . T TR 2
Ji 3 P )G 2 B, A R R T S R G B AN Y i B
BEMIE L, T4 E BH R4 1) 25 L s 1 Rk ™ ik 4%
EE MUK B B 5 25 Rz RHME i T IR WA K
HIfE 77, WEFLE VA T DA 1 SR BE S5 S Lt 8 Flvghy
KL FAZ AR AT B AT BR AR 1 AR K IR 2 e, 45 AR,
HIRREGIARLAE T R AR o BRI N 1 5L B 1%
SO P A SRBE L B T 28 AR oA e B A N
KRLAEHE T T RRM W WA, 3 7 45 B e 5 Ar T
R B TR . X — Ikt TIRIT S w2 25K
WE () 55 R Bl o AT G, AR ST R — Ml R A
F 8025 B J AT 2540, 380 3 B PR 30 1) 40 41 7 4
M1 (topoisomerase I, Top I) M T A 25 1 40 il Jirf 983 41 o
HIETE o« AR L B R B A R G oKk R, $R L T

5 =M OK 2 B e A0 IR . E S B YA
SR e 5 RO AR 2 A LB R AR S 1) g KR
AR T, W TR A 7 AR 70 8 SR M g KR A A ST R =
REWRITHM AR EE . ZOHRLZARH T4
W2 Ak FPRL A 5 v, T8 I e A A B 1) 34 3% A A T
HURE AT 77 IR 40 KR, 78 (2 i3k A= e 18 A K ) 1)
I ] T L AZ AR AT B AN i e 2 A 1 3 B, AT UE BH T
YK B ARAE VAT 45 B e U BT T
4 RES5RE

AW 2H 2 (microbiomics) A& 4k 5 [K 4 2% DL,
A fn B2 5 AR W EOR B 5 AT ) R R e —, FE R
I7 A RR A AR A IR B AN T )36 5 T B AR R
FHTHT o TUEEPZE A (R 3 A PP AT % A DG 1 e At [
B —MENAES RS MAEMMNE XS EREGE
93, 16 EAE B P B il — 28 | B AN RE A R B4
RS S — BT R, o AR R R | 2 eSS
B 55 9 R 1) 7 AR 3 DD AE O, L 48 R eS8 e R VR T 1Y
JrR . AR E S AR R A = R
S e ATV ] A RS I AR AR 2 DA A g T
IhEE, nES TP A AE S /an AR (K 2), 5%
T8 T Y GO P 2EL R ) R BE TAB (B 4) BB >R 2k
ST IR T, B S bR B B AR 50

WAEMARBEEFAENES RS, SMEREY.
2RI At 718 R 3R 0 AR AT AR Bh A AR Ak, BRI
YK AR D6 25 R 85 38 WG AR A 2 25 AR A S A DR
A, DUORUEPAT Ho 518 VRS JEORI A M 4 T8 55 I Th e
T IX 26 R 2 H AT IS AN REAE I R BT, g0 oK BRAE
TAUAE A LT 900 PR A s B 7 P A A e R AR
ICE YA Y . FE s b, vHE R VR 1 3 s v
LR R BUR A IAE HATE R 2 — . 18
I 2 A P e R 4 A B 0 A Y ) AR
VS WIS I 7 T PR KB AR 5 4 PR S o) S50 4 R PR
PR ARMGE A, FTWI 5 SEBL A A 350 3 A2 B 32
ARB P IARTIN 1) FH 49 2K 5 AR B 240 B AT - ST A
WU, AR B8 R T 7 e A B 1 S50 40 o B T B

F T A 0 2T TR G oK ARG e T s 5 4 i
i 29 2K 52 AAH [ AR Bk ke, 91 e 2 v RS 1) 295 % R A
YA R B ] PR SR AN AS RN, DR o] 58 R A
R R S B Hr i 2 R 3R R KR
THARAE o b kb £ R T (a0 R~ R AR FI R T
HIAAT ) SR8 o 17 X A 2 B o] 2 e A48 1) 44 KR
55 B0 200 i R = R 4 L 1 A E A P 2 9K AR ) —
AN RIS SR, TR TG AR AR P AT A 4 2 TR AH
ERAE R FUEIM M = . B 9K B AR ZHi g
TR A= VD 2H ) R A, A SR B — AN B R Ak, &
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FET IR IR WAL R FE 0, LU — Rl g Kok )
R P e SR A A A A T R S8 A T 1 B A T
Bl 3R R — TR B4+ CARZE M) 9 0 BRI 9 K ¢
A, A9 — H A VFBE A T4 € B R E LT Tl

I8 36 Al A 40 2 A e AT AR (G B B A
P2 R GEAN JORE PRI ) Th AR P B AS 7 A B0, i
PERCEN A LA T R AR T AR 5% RS20t VR 20 1 R
B S AR R AR T AR L& . BRI S,
AR BRI T E A BORIG ST R E IR & — A
WUk, BAHE— D0 I B 7, AR AT BE O R THE
AR 22 (R — TR URZ —

{E& STk: 285 N7 ST e SO S B 2T T
P8 3 B8V ) R T R P 2 5 ARSI ARSI B 71 D 5L
Wi AGE 2R AN BORHISCER s Pl ek £ 53 5C 2 A 1, SR T B B
HEEL.
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