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Attenuated Salmonella-mediated cancer therapy: updates and prospects

GUO Yanxia, ZHENG Jinhai (School of Biomedical Sciences, Hunan University, Changsha 410082, Hunan, China)

[Abstract] Attenuated Sa/monella has shown broad tumor targeting specificity against solid tumors. By activating host antitumor
response and modifying tumor immune microenvironment, attenuated Salmonella can suppress tumor development. Meanwhile, the
high tumor targeting specificity enables the attenuated Sa/monella to be used as the ideal expression and delivery vector for therapeutic
drugs and imaging probes, realizing the integration of tumor diagnosis and treatment. Attenuated Salmonella has been widely studied
and applied in basic and clinical fields, showing good application prospects and promising future. In this article, we will first investigate
the attenuated Sa/monella-related antitumor mechanism, application status, current problems and challenges and then explore how to
improve its biosafety, tumor targeting specificity, and antitumor efficacy by using genetic biotechnology, thus to promote the
translational application of attenuated Sa/monella and realize the cross-integration of immunology, biotechnology and other disciplines,
which may provide a new strategy and direction for future clinical tumor biotherapy.
[Key words] attenuated Salmonella; genetic engineering modification; cancer immunotherapy; tumor microenvironment; combination
therapies

[Chin J Cancer Biother, 2022, 29(6):519-526. DOI:10.3872/j.issn.1007-385x.2022.06.002]

TE19H L FH, = E — 4 4 FHE & COLEY A K B R M x 4 F # KX (pathogen—associated

ERNAERAM (R ERERE BRIV EFEF) K
iR BEHFWTENEY,EHE R TSR
FATEE, BB & T AT AT SR EFHE N
T W B JE % 57 (bacteria—mediated cancer
therapy, BACD # # & . B & 0 F £ W ¥ %% ¥
B9 & &, BMCT B 470 8 AL I 48 A% A7 T 22 7 A& AL o
MOLE . ARER KA, —LEHHIFEEREAT
e A AR P R A, HEHE W

molecular pattern,PAMP), 4 fE % 4% (LPS) . ¥ £ &
B R %, ALK B KR B Z R (PRROR A, #vE
AU W B A o3& B G 0 A, R TR T RS
BRMAE, NI E SR E R ER. Bar, &

[(REUE]  WIkE HARAR SR IISTH (No. 2020115094)
MEEEN]  FRHE (1994, %, W AE, FENFHME A 5 10 e
Go3% EHE 78, B-mail : yanxiaguo@hnu.edu.cn

[@EfE1E&] # 4, E-mail:jhzheng@hnu.edu.cn

b



+ 520 -

F [ R R PDIR9T ARAE, 2022, 29(6)

Frig ey ) R R, B Y ITE 4
REAMFESE AR ENREEE. &
LR E D TE (—f RS R AHE) B AR A
rUE FBARFEENE EA EMEZRM
ZAWHER L, B ZEATREFLE .

1 EEIDTTE AU E LS

REDITES S RBEA EHE R
M, ERFIE A A E A E AR TR R AR S EE
HETHARBENTEEZTEU L, HWEHAR
AEWNREHEHEEGREGG TV AERGME
40 B, 6] B PR B R R R R, S AL AR B A A B
FIZ o
1.1 I ¥em 4t

B BT, R TR EF DT % m B m A8 2 AL % &
THAER, REEETEA (DM BEHAR Y I E
ARG REFLIFHATHEN THE, AT EF A
T R A B AR o B 7 5 (2) 30 B0 B B B 40 P R
FARFAEKEEHARBEFENE R T (WEE
R ZR %) (31 E & & 30 % o b g8 O R A AT
AHEABNARN A EF R, AEEARTNARTF
FHEEMT BT RERIBTHRNBEARXE
B XUz ARRWE YT mEK, 8L,
MERAEAD I TENEFREARET ERANE
A TYITEEMNEHRLE RHEA.

1.2 xtibig a9 A4 451 A

HARRH, YRF D TH B Mg H R
fa, RN G E A SRR E TR A
WRATHEREERAEBERANE. FH, RED
ITH B B & KUt 7= 478 ¥ b8 20 e 7= & BB R
7. REVITH RLEM QW KBRS T4 4
ESERE NMpmaEsKk. FR"WEHA, &
HREMEBEBRT L EARE AN BRE,
1991 4, Bt 50 A R T 46 A W0 171 1 LPS X4 JE & 2 ¥ 4T
[ # e Rk, M 2R E B & + 8 TNF-o.. IL-6
FG-CSF ¥ &, B — EMFLAFEEHE" . B E
X4 H o Fe e D 40 B R B AT T H I R R
B ERIET, NEEAMEREEARDLEFNITEK
BRI E & E BT ARTHR,
B4 A0 [T H LPS M AR By & Mt IR & 7 H 3 —
AR
1.3 BT BMIRE B EIARTIZ Z R

L 20 R G ALK BT, 40 B PAVP, &3 LPS  #E &
B MZRE, &AL PRRAR A, Bd ALK B R
EE TR RENMD, B — S BRENENER
516 RV R RE, RILFIE . A, Fe T E

J& 4 B — o5 B A B B AR, AT S LR AR R
B 3E R M B RORL . Y0 T R UR B LPS T B #R 8
I o INF-au B KT, 38 38 fiF 8 45 7 £ CD8™ T 48 i
RORL. ¥ FEZE G /L% I8 4 fe ey G 8 R 77
P& CDA™ CD25 18 1 14 T(Treg) ZH f 19 & &', &
HRETDTEEEEAL B R BB EFH
TLR5/NF-«B 15 5 & ¥ , DL B % 5 B %% 40 FAR AL, B0
HUAR %% BB, AT KB LR B AL . 7 B 500
R, BEDITE 1% FE %K A 43(connexin 43,
Cx43) % ik £, 1% 3 8 40 i 5 At 20K 28 B 2 18]
k] B B, AN TR B An T3 e B O 4 R R B 2 A
X XA, P8 40 Cx43 89 E L EAR T %
17 %) BE 5| %k Br 2, 3- W 4w A B (indoleamine 2, 3—
dioxygenase, IDO) By & ik . # &Mk 20 fg 22 X 4R B ¥
Ji? 9 70 R Ao IDO B P (R 2 — 25 80vE 7 CD8™ T 48 ., Am
55 J71 B 4 % RORE

2 ImARIRIE IR R B Rl

B ER AL, £ MR ED TEHAN KR
(kDo H&F, K45 EWD[TH VNP20009 £ F M3 T
Bk RS E R, EEULHEBEE G LR
Bk B B & ek B 45 R & B, VNP20009 5 & %
I THA B e B 5E 1A RE AT, R 36 B T B9 B K
R, 4 T # 5 VNP20009 B FU 58 B A1, AP i A B A
Jl VNP20009 & 34 ¥ 4§ 5— %A 7% ¥ % 16 ) 7 40 i & 1
Wo-BREENAMFARAR S A, 278
ERRE F LA SR R B 3 L B P AT,
W6 BHAMIETT B4R BN, BiE & By VNP20009
MZehRERE, EAALNARREY. BE
W1 THE VMO, 3 3% # 4 VEGFR-2 & 14 KL, 36 77 #,
HFR o e 1 20 SRR e o BR T U5 VEGFR-2 B9 4%
FUHTHRR A RERDT g EE;EE, T
flr VXMO1 9 & 2 B, BE R A R A, 58X R R
EIT AR B, BE R VXMOL U5 9T B9 B B o R Ak B e
R D | o M kL 2 B 3 e e BRIV & R AR R B R
Jop sl Rk AR IL-2 B9 #F ¥ T Saltikva 7 |
HA e PRI T o T 4 A # A M B i 1 8 1B R NK
20 B A8 NK-T 40 L, Bk 225 3 3 AL AR B9 & b 3 R
RORL, 1% A % # B &E D TTE N B0 I8 %27
FRAE T AN R RET TR, B,
Saltikva Wy [T #lE R iR I EEFELX R EH +,

EREVITEEERRRF, B RHT — MW
RRME, EEASENY I EER & BRI L AR
BRMEGZEAUES—F, X REES T HEEH
RN, R EFN L ERL FERARRANER
M e A KR ERMIF RSN AR, AT SR E



SRR, S5 JRERID T IR R - TH R S A

+ 521 -

2 W AE T B ORI AT Y, ST S B0 R R 4
RABTH. A4, ERARERET, £ —HREF
W H R 8 %7 ik A F T REIA B BB T K
R, 5HMIBT FBI eI BB T RO H W
R

®1 BREDETAEREXIERIKLE

% RE %55 R B Ji e R A
YNP20009  NCT00004216 I L A 3
TARIE
NCT00004988 I B Rt SRR
NCT00006254 I e B LR
VXMO1 NCT01486329'" I W 1 R R
NCT02718430 I EEME
NCT02718443 I J R A 4 B g
SGN1 NCT05038150 I B B SRR
Saltikva  NCT01099631 I FE , fE i s
NCT04589234 11 EHURRE
$S2017 NCT04049864 I A 2 28 PV
CVD908ssb  NCT03762291 I % KB

~TXSVN

1€ BB :https://www. clinicaltrials. gov/ct2/home

3 REREDTETMESCRRE

RMEDITEHEFRETREER, BF RN
MR R, FAIRATERARG, ¥ LRI E
BT PR E R, ABERT BT
A, FR,BREIREES L MET 7 EBRA, T
H— 35 He TR X IR IR T R
3.1 WAFTAEAGE
31,1 AHEUHN BTHARAMFET LA
—EHEME, ANFERL XA REREEEY, U
RE BT EEE % A, VNP20009 i 3T 4 i iZ v
Fu g LA B AR BT 0 5 B9 B AN & [ pur ] A2 msbB # 4T &
T, ERAAFHESRNERRELEE AT WA
BHA P EERERANGEN. B, E—T ] HE
AR e T VNP20009 B F it B Bk, B &
HxshRefERE G4 E B TR
Fo AR, " HREABR/MFEARERGHEREDTHE
B, T S EE B B O\ 48 B B R, B AL GO/GL A
PN B S/G2/MHA , I T 38 52 5f b JT 28 iy g 4 Rt
B W ER KR W T H #k (A ppGpp) , 3 1 Ml F& relA
A1 spoT % [A i€ f% ppGpp & R &G, i A EREZHE
HOEEANEHARNEENE A 42—

3.1.2 B EREEARE SAEIBIEANH
REAGGEMBEHAR B, NHEHNITE

REREEMEAR TR BEAREEELHN
%o 7EVNP20009 By Il /R T 28 i R 3% 30 o & R 3 W
MW ERED, NI Z AL ERNTERR,
I, 42 & 40 W 9 P B 1 A R 2 BMCT #1198 2% R 89
* 4k, I3 7E VNP20009 % T % £ CEA #5 7 M ScFv L
WERMEE A, T R EME SR T A CEA R R
FIMC38 4 /N R4 e B B W A K. F AR
RUEH,E AppGpp WK BESNE B A LR EKA
BR-HEABR-RAABRK, L FFrHEESEMNES
feFn e m e A KT E XA B3 EASEF, N
HEAWNMEERERITREER. REDITFA
Pk YBI, 3 i 3% £ T A2 4 B #k SL7207 (aroA # FH £ 4D
ML FEEHasd BB ARER B TEFNER
M, EREEA N TERasd EHW RS, S B4
# BF W ,diaminopimelate,DAP) & & % [, {# 20
EEKE R R, LUILAR & YBL A B AR B A R
o Y,
3.1.3 #REMNTREETREAMERR BED
THAREIAE B ENERR, TEA RIFHAR
FHGEA R EEERE., B, REDITE T
HARBHMNEEESL, BW, HEARS ZHRET
MAREBDITHETEREEE G BAE T A
S 4708 . siRNA A0 B 24 #% 4V By 45 25 497, W] A A0 ) R g
EKFEKIE/NREFH, ARVERA, AR RED
T®H &KX WA I W% EE A B (vibrio
vulnificusflagellin B,FlaB) & 2 ok & P8 %%
WIAE, Bk RS, /N RE AR T E
DEHREZEZTAMK, FHEEMFFE( L EN
KR, @ AppGpp R EF B Kk BB 4 EK A
(cytolysin A,ClyA) ¥ 5| &7 S o ¥ 20 A BE LR A%,
5 40 RIR T, BT R B 4, 3R v AR R IR
B S5 20 BRRE , BB IR A K E 2 B BRI
KO, g I AR R R A R E AL B T
BERHIA R B, FIRBREFDITHE &KL IL-2,
T H0HE A E AR, 8 WIS, SRR A R R
o R GuMENK 40 RS 7, S TR AT B RO . AVNP20009
AR, EENRLTE L ENS- ATty B
71 8 v Mk B BT P WE B K B AT TR R P O L AL
TN FE B B B B, K AR T AR R &,
Y& N B AR IA B S SR 0 ) B F 1DO B B 2 1 R A A OB
% RN, B R EF Y 1 W %% 4w A5 ID0 shRNA Y JFU
B 4 8 TR P VR R 4 B A R B LA P R B E R
G R, v — I IR A K RSB SR T, AR
RBEFVITERE R RT FHATREE N &2,
32 RRATEALEERA
MEEENEKTFEERALS IR EFH



© 522 -

F [ R R PDIR9T ARAE, 2022, 29(6)

FreHE. B, 718 & F R LT B ERE
MBMCT 2R A EEH . v 4 & FF W pRecA B3I T
FEEHEN, BEEH 2 E¥HRERBG,
B, K A % & B % 5 &8 & 4t (29 pBAD . pTet A7 Pm
%), B 3 4 T AR5 A (o - S0 (B8 W3R R

A LBt KM B ) LI A T =B, T AR
BRI ALK IE ¥ H R F . B Rl X e A
A FiE B AR e L B (R BR 5 B9 B 1 T & 4t (HIP-1
A NirB) ™ R 4 B E R RO B B AR RO R 8T
HE—KBEEFE G ERLWERFE,

®2 BEDTEREREETEFREXHR

b
=]

o

S 3CHR

IR 4RI T Ak T, 40 TNF- IFN-y IL-2 . LIGHT .CCL21 %

[26] [35] [38-41]

Jih 983 A <0 JEU/B A , B neoantigen . VEGFR-2 HPV 16 E7 %% [42-44]
BMEEA Y ) 75 3 A 4% 5 %% , W ClyAFlaB.Laz % [3][34] [45]

FAT- B H , W sATF6. TRAIL . AIF 25

GBS AL CPG2.CD.HSVI1-tk
siRNA IDO.STAT3.PD-1%&

[11] [46-47]

[23] [48-49]
[50-52]

LIGHT: BN TNF # % j& ik 57 14(tumor necrosis factor ligand superfamily member 14,TNFSF14);CCL21: ik & 40 i@
#ALE F 21;Neoantigen: # 4T R ;HPV16 E7: AFL KR A H B8R & G ET;ClyA: B 4 MK AsFlaB: fIF I H 8 £ & & B;
Laz:Azurin # & & ; SATF6: 59 17 %% 5 7E B F 6 TRALL : f J8 31 30 [ 740 X B % 5 B iR ALF: B % 5 B 7 CPG2:
R KB G2 CD: A Jfy AT B B v it &V s HSV1—tk: B 4b a2 & | AL B 3 8 ; 1D0: /5 "k % 2, 3- M Am A ; STAT3: 5 &

e GHTEEH TP EFSERTZE]L

33 EAENT
BARARBRBEVIIER S ENML A, EE ]
Bl R R I, i TR EF DT o e A
WHEEEATLELETHNTERR ., F K3
BREETNE LN, ¥ — T EHATRITIR TN
B, FHRAHAMT EURBITERR KL ZE
AHEW.
331 5FAHE RAMMBFATRE,TH#
BUERBLET2ER. AHRTYER, RE#HAT
VITHET TR ZR D BEES, AARREGEE &
FH L, RAEFAUREHTRED THIET WG
A o
3.3.2 HHTERE HTHETLERANFIL
RA TR, TN A EMBARTHT #,
R AR ERA G S AR KRB W%, ZiE R E
s, AT mBRATFAEIENFERER TR A
YUF F M £ o ¥ B E RS B B, A A 4B T L
FEHEMBAR EEET X st @R B aE 7, ¥
BMCT Faft T & A, — FEH UERE A EMAITH
YR B F AR R, 7 — 77 8 VTR 24 A B
TR EAE, REITRRR Y, BHR KA, W
RAEF M E A& RN A E AT & E R
BEeixBETYRENTERL A RO H =,
VNP20009 7 fit 78 = A8 0y 4 & , 4 T 2 2 37 &l B g &
K. ZEANRFEEE, 7—IHRY KA, MK
HEEEMNEIETHYEY B & R R EE

PR HE T, LA E LGN T NIET R
KRR, BL BN RERE, T EERE
FERR. B, BBMCT G744 A, 7 A ¥ &
LR BR o

3.3.3 H#UTERE  HUTAEET B DNA X
FEWT 21 pk DNA 30117 , AT 2% 50 B 98 40 R B9 06 7
Fe R, HTHAEREETERRTHLRE AN E
2,150 aA X BWIKEREEFRIET KRN
FERHE. ARARCYRA, REDITE S HOITEE
A AT ERREEFR T EMIET,

3.3.4 HHE7TERS TAHTHMTEEEHK
AKENREED I TERABT, TR EHRILH
P T 40 B B9 3G T8 RE 77, TR R B R R, B TR A A 8
B, ERIMEEENELY . EERMB RS
B fi% 2, ZF #£ VNP20009 % & , [7] it # 470 PD-1 & # T
BT B A AR R E B E N, AR AH .
KA Gk Z EER A VAT R, RRIL B E A RN
& 7E s PD-1 HUAR 18  — A% & 2K o B g & 7
%, B R T e R AT B U6 T , 8 H AR R & K | % )7 A
AABRMZF0RFTH S ZRA. ARRH
H AR S AR (pH-temperature dual-sensitive
liposome, PTSL) 5 ¥ & ¥ |1 & 4 FE % # (outer
membrane vesicle, OMV) & A&l i B 17 4 % Bk ¥ [
49K % 4 (siRNAGPLOV) &L I F fiF 98 V6 77 , % R 4 1
RREGT NV EF T, RET Rk, 5
AHETHEE TR EZE, TERRETHEN
90 fe = P A R U M



SRR, S5 JRERID T IR R - TH R S A

- 523 -

3.3.5 SARTEHRES AHIITEEIBAANSH
KR BR AT B8 M B R R ok R R AR
W BE L R A B, AT R BT RE B YT OX OB TR
HARCERRA, FRAARMBR S BERUANF B
T A 7 5 6 % VNP20009, i i B # HOE SR EE
BRUEEEE, BT RET, HR
THENER S, FRNE, WETENE L
RO R R M AR R A, AT BT
PR

4 B &£

BMCT 2 — A3k & BHE S 4 & H 8 %K1
Fit T 96 7 AT, A& BB 2R A AF 8 L RS TR B R K
S H B BT k. BARAXTBMCTHH R E A
—H4& ,HEBRMAILE, RAREFHEERTH
(mycobacterium bovis) & & #| & # v& & & Bl F /)
# (bacille calmette—gu é rin,BCG) E, & I i F T
e BR B At B YA T« [ UL, BMCT #E 1 I R %% fb
ZHL, A —LERAFERE. BREDITEREL T
HEFHEAER, EMA - LFTEFEH# — TR
Fo F—,KeMEA, ZAMEMEILITHRER
A0, DI TH T A HATE YR FNLE G, 1R
FRIFWAMEEE, EFEARXAAHFEREN
5] AL . VNP20009 s KR I By K 6, =] eE = [ 4 B W
ERREFATMERALTERR. FAFRLR
H A RAEREFREARET BEWEANREDITE
% KST0650, 78 & %+ CT26 40 ff /N R ¥ & 8 # & 5
14 d ¥ ,KST0650 7e fr /g 4L 4 # i HAG £ 8y
RE ,ERARMME e KR EDNRAERF
B, EEYRAIET, B ZeEE5MEEK
MBRED I TR REEERS ., £ . MARLE.
ETHRWTEAZESRRMEAR, B EH TS
THEEEEN, TMEAETEREFTLEN. T
W, FHRRE,E oG AE DT H HE A SF200
(A 1pxR9 Apagl7 ApagP8 AaroA AydiV AfliF)
MR B HE AL E R, T e RALEE
SRFFHEERENEAL. F=, REDITENS
%7 R H R AR RO ST RS A AR E AR, B
BEMHEA LR ZE, TRRNERZ D RAEHE &3 &
Fib 8 4 LRI B I A T kB . AR BE SR U
MO REER A EERETFREEFTALEN,
HHAMRE, B AR EHNE L, FEAZE, &
15 min P 1E ] 52 & & 47 48 20 g AR L 2 K 7 A
B REAFEEMESRLSL G THAERESN. £
R, A TREDITHBITHS A REFES —F@®
o Bsh, EHLBIF R A @, BEF D E 0 E

MR BRI E LT EFLE. FEHREA
TTRMER B NRER SHRE HEAE
B BREF, £—FKAT BEDTHE BN
wlHE M. E, AARNT BREDITH 8
o B e M R AU AL, T R A AR B R
TR

L BRBEEFVITEN M BIETEIER
B FARAENFTHLR, E£ETRFDTH LA
BENSERETHLEEF S EZNRS, IE
BRARR. MEAREARBENAREE £ FHE
RX A, BEFDTHE AT 0B I8 7 7 Im JR 4
7R A B ARG BT E I R TR

[& % 3 #f]

[1] MCCARTHY E F. The toxins of William B. Coley and the treatment
of bone and soft-tissue sarcomas [J/OL]. lowa Orthop J. 2006, 26:
154-158[2022-03-10]. https://www. ncbi. nlm. nih. gov/pmc/articles/
PMC1888599/.

[2] ZHOU S, GRAVEKAMP C, BERMUDES D, et al. Tumour-
targeting bacteria engineered to fight cancer[J]. Nat Rev Cancer,
2018, 18(12): 727-743. DOI: 10. 1038/s41568-018-0070-z.

[3] ZHENG J H, NGUYEN V H, JIANG S N, ef al. Two-step enhanced
cancer immunotherapy with engineered Salmonella typhimurium
secreting heterologous flagellin[J/OL]. Sci Transl Med, 2017, 9
(376): eaak9537[2022-03-10]. https://pubmed. ncbi. nlm. nih. gov/
28179508/. DOI: 10.1126/scitranslmed.aak9537.

[4] HOCHNADEL I, HOENICKE L, PETRIV N, ef al. Safety and efficacy
of prophylactic and therapeutic vaccine based on live-attenuated
Listeria monocytogenes in hepatobiliary cancers[J]. Oncogene, 2022,
41(14):2039-2053. DOI: 10.1038/s41388-022-02222-7.

[51 WEIL B, PAN, J, YUAN, R, et al. Polarization of tumor-associated
macrophages by nanoparticle-loaded Escherichia coli combined
with immunogenic cell death for cancer immunotherapy[J]. Nano
Lett, 2021. 21(10): 4231-4240. DOI: 10.1021/acs.nanolett.1c00209.

[6] HARIMOTO T, HAHN J, CHENY Y, et al. A programmable
encapsulation system improves delivery of therapeutic bacteria in
mice[J/OL]. Nat Biotechnol, 2022[2022-03-25]. https://pubmed.
ncbi.nlm.nih.gov/35301496/. DOI:10.1038/541587-022-01244-y.

[77 WANG D, WEI X, KALVAKOLANU D V, et al. Perspectives on
oncolytic Salmonella in cancer immunotherapy-A promising strategy
[J/OL]. Front Immunol, 2021, 12: 615930[2022-03-05]. https://pubmed.
ncbi.nlm.nih.gov/33717106/. DOI: 10.3389/fimmu.2021.615930.

[8] HAMADAK, AOKI Y, YAMAMOTOIJ, et al. Salmonella
typhimurium Al1-R exquisitely targets and arrests a matrix-
producing triple-negative breast carcinomaina PDOX model |
[J/OL]. In Vivo, 2021, 35(6): 3067-3071[2022-03-05]. https://www.
ncbi. nlm. nih. gov/pmc/articles/PMC8627766/. DOL: 10.21873/
invivo.12602.

[91 CHENW F, ZHUY N, ZHANGZ R, et al. Advancesin Salmonella
typhimurium-based drugdelivery system for cancer therapy[J/OL]. Adv
Drug Deliv Rev, 2022, 185: 114295[2022-06-05]. https://www.
sciencedirect.com/science/article/abs/pii/S0169409X22001855?via%



524

F [ R R PDIR9T ARAE, 2022, 29(6)

3Dihub. DOI:10.1016/j.addr.2022.114295.

[10] MONACO A, CHILIBROSTE S, YIM L, et al. Inflammasome
activation, NLRP3 engagement and macrophage recruitment to
tumor microenvironment are all required for Salmonella antitumor
effect[J/JOL]. Cancer Immunol Immunother, 2022[2022-03-15].
https://pubmed.ncbi.nlm.nih.gov/35061085/. DOI: 10.1007/ s00262-
022-03148-x.

[11] LIANG K, ZHANG R, LUO H Y, et al. Optimized attenuated
Salmonella typhimurium suppressed tumor growth and improved
survival in mice[J/OL]. Front Microbiol, 2021, 12: 774490[2022-
03-05]. https://www. ncbi.nlm. nih. gov/pmc/articles/PMC8733734/.
DOI: 10.3389/fmicb.2021.774490.

[12] LI M, LU M, LAIY, et al. Inhibition of acute leukemia with attenuated
Salmonella  typhimurium  strain ~ VNP20009[J/OL]. Biomed
Pharmacother, 2020, 129:110425[2022-03-05]. https://pubmed.ncbi.
nlm.nih.gov/32570123/. DOIL: 10.1016/j.biopha.2020.11042.

[13] LEE C H, LIN S T, LIU J J, et al. Salmonella induce autophagy in
melanoma by the downregulation of AKT/mTOR pathway[J]. Gene
Ther, 2014, 21(3): 309-316. DOI: 10.1038/gt.2013.86.

[14] FELGNER S, SPORING I, PAWAR V, et al. The immunogenic
potential of bacterial flagella for Salmonella-mediated tumor
therapy[J/OL]. Int J Cancer, 2020, 147(2): 448-460[2022-03-05].
https://pubmed. ncbi. nlm. nih. gov/31755108/. DOI: 10.1002/
ijc.32807.

[15] ENGELHARDT R, MACKENSEN A, GALANOS C. Phase [ trial
of intravenously administered endotoxin (Salmonella abortusequi)
in cancer patients[J]. Cancer Res, 1991, 51(10):2524-2530.

[16] OTTO F, SCHMIDP, MACKENSENA, et al. Phase Il trial of
intravenous endotoxin in patients with colorectal and non-small cell
lung cancer[J]. Eur J Cancer, 1996, 32A(10): 1712-1718. DOI:
10.1016/ 0959-8049(96)00186-4.

[17] COLLE, HARRISONE M, TOLEMANM S, et al. Longitudinal
genomic surveillance of MRSA in the UK reveals transmission patterns
in hospitals and the community[J/OL]. Sci Transl Med, 2017, 9(413):
eaak9745[2022-03-05]. https://www. ncbi. nlm. nih. gov/pmc/articles/
PMC5683347/. DOI: 10.1126/scitranslmed.aak9745.

[18] CHENJ X, QIAOY T, CHENG, et al. Salmonella flagella confer
anti-tumor immunological effect via activating Flagellin/TLRS
signalling within tumor microenvironment[J]. Acta Pharm Sin B,
2021, 11(10): 3165-3177. DOIL: 10.1016/j.apsb.2021.04.019.

[19] PANGILINANCR, WUL H, LEEC H. Salmonella impacts tumor-
induced macrophage polarization, and inhibits SNAII-mediated
metastasis in melanoma[J/OL]. Cancers, 2021, 13(12): 2894[2022-
03-10]. https://www. ncbi. nlm. nih. gov/pmc/articles/PMC8230152/.
DOI: 10.3390/cancers13122894.

[20] SACCHERI F, POZZI C, AVOGADRI F, et al. Bacteria-induced
gap junctions in tumors favor antigen cross-presentation and
antitumor immunity[J/OL]. Sci Transl Med, 2010, 2(44): 44-57
[2022-03-10]. https:// pubmed. ncbi. nlm. nih. gov/20702856/. DOIL:
10.1126/scitranslmed.3000739.

[21] LIN H C, YANG C J, KUAN Y D, et al. The inhibition of
indoleamine 2, 3-dioxygenase 1 by connexin 43[J/OL]. Int J] Med
Sci, 2017, 14(12): 1181-1188[2022-03-10]. https://www. ncbi. nlm.
nih.gov/pmc/articles/ PMC5666550/. DOI:10.7150/ijms.20661.

[22] TOSOJ F, GILLV J, HWUP, et al. Phase [ study of the intravenous

administration of attenuated Salmonella typhimurium to patients
with metastatic melanoma[J/OL]. J Clin Oncol, 2002, 20(1): 142-
152[2022-03-10]. https://www. ncbi. nlm. nih. gov/pmc/articles/
PMC2064865/. DOI: 10.1200/JC0.2002.20.1.142.

[23] NEMUNAITIS J, CUNNINGHAM C, SENZER N, et al. Pilot trial of
genetically modified, attenuated Salmonella expressing the E. coli
cytosine deaminase gene in refractory cancer patients[J]. Cancer Gene
Ther, 2003, 10(10): 737-744. DOI:10.1038/sj.cgt.7700634.

[24] SCHMITZ-WINNENTHAL F H, HOHMANN N, NIETHAMMER
A G, et al Anti-angiogenic activity of VXMOI, an oral T-
cellvaccine against VEGF receptor 2, in patients with advanced
pancreatic cancer: a randomized, placebo-controlled, phase 1 trial
[J/JOL]. Oncoimmunology, 2015, 4(4): e1001217[2022-03-05].
https://www. ncbi. nlm. nih. gov/pmc/articles/PMC4485742/. DOI:
10.1080/2162402X.2014.1001217.

[25] SCHMITZ-WINNENTHAL F H, HOHMANN N, SCHMIDT T, et
al. A phase 1 trial extension to assess immunologic efficacy and
safety of prime-boost vaccination with VXMOI1, an oral T cell
vaccine against VEGFR2, in patients with advanced pancreatic
cancer[J/OL]. Oncoimmunology, 2018, 7(4): €1303584 [2022- 03-
05]. https://www. ncbi. nlm. nih. gov/pmc/articles/PMC5889207/.
DOI: 10. 1080/2162402X.2017.1303584.

[26] GNIADEK T J, AUGUSTIN L, SCHOTTEL J, et al. A phase 1,
dose escalation, single dose trial of oral attenuated Salmonella
typhimurium containing human IL-2 in patients with metastatic
gastrointestinal cancers[J/OL]. J Immunother, 2020, 43(7): 217-221
[2022-03-05]. https://www. ncbi. nlm. nih. gov/pme/ articles/
PMC7458080/. DOI: 10.1097/CJ1.0000000000000325.

[27] NIETHAMMER A G, LUBENAU H, MIKUS G, et al. Double-
blind, placebo-controlled first in human study to investigate an oral
vaccine aimed to elicit an immune reaction against the VEGF-
Receptor 2 in patients with stage IV and locally advanced
pancreatic cancer[J/OL]. BMC Cancer. 2012, 12:361[2022-03-05].
https://www. ncbi. nlm. nih. gov/pmc/articles/PMC3493262/. DOI:
10.1186/1471-2407-12-361.

[28] YANOS, ZHANGY, ZHAOM, et al. Tumor-targeting Salmonella
typhimurium A1-R decoys quiescent cancer cells to cycle as visualized
by FUCCI imaging and become sensitive to chemotherapy[J/OL].
Cell Cycle, 2014, 13(24): 3958-3963[2022-03-05]. https://www.ncbi.
nlm. nih. gov/pmc/articles/PMC4615054/. DOI: 10. 4161/15384101.
2014.964115.

[29] NAH S, KIMH J, LEEH C, et al. Immune response induced by
Salmonella typhimurium defective in ppGpp synthesis[J]. Vaccine,
2006,24(12): 2027-2034. DOI: 10.1016/j.vaccine.2005.11.031.

[30] BERETAM, HAYHURSTA, GAJDAM, et al. Improving tumor
targeting and therapeutic potential of Sal/monella VNP20009by
displaying cell surface CEA-specific antibodies[J]. Vaccine, 2007,25
(21): 4183-4192. DOLI: 10.1016/j.vaccine.2007.03.008.

[31] PARK S H, ZHENG J H, NGUYEN V H, et al. RGD peptide cell-
surface display enhances the targeting and therapeutic efficacy of
attenuated Salmonella-mediated cancer therapy[J/OL]. Theranostics,
2016, 6(10): 1672-1682[2022-03-05].https://www.ncbi.nlm.nih.gov/
pmc/articles/PMC4955065/. DOI:10.7150/thno.16135.

[32] YU B, YANG M, SHI L, et al. Explicit hypoxia targeting with

tumor suppression by creating an “obligate” anaerobic Salmonella



SRR, S5 JRERID T IR R - TH R S A

525

typhimurium strain[J/OL]. Sci Rep, 2012, 2: 436[2022-03-10]. https:
//www.ncbi.nlm.nih.gov/pmc/articles/PMC3365283/. DOI: 10.1038/
srep00436.

[33] LIN Q, RONG L, JIA X, et al. IFN-y-dependent NK cell activation
is essential to metastasis suppression by engineered Salmonella
[J/JOL]. Nat Commun. 2021, 12(1): 2537[2022-03-10]. https:/
pubmed. ncbi. nlm. nih. gov/ 33953170/. DOI: 10.1038/s41467-021-
22755-3.

[34] TAN W Z, DUONG M T, ZUO C H, et al. Targeting of pancreatic
cancer cells and stromal cells using engineered oncolytic
Salmonella typhimurium[J/OL]. Mol Ther, 2022, 30(2): 662-671
[2022-03-10]. https://www. ncbi. nlm. nih. gov/pmc/articles/
PM(C8821930/. DOI: 10.1016/j.ymthe.2021.08.023.

[35] SORENSON B S, BANTON K L, FRYKMAN N L, et al.
Attenuated Salmonella typhimurium with 1L-2 gene reduces
pulmonary metastases in murine osteosarcoma[J/OL]. Clin Orthop
Relat Res, 2008, 466(6): 1285-1291[2022-03-05]. https://www.ncbi.
nlm. nih. gov/pmc/articles/PMC2384016/. DOI: 10.1007/s11999-
008- 0243-2.

[36] KING I, BERMUDES D, LIN S, et al. Tumor-targeted Salmonella
expressing cytosine deaminase as an anticancer agent[J]. Hum Gene
Ther, 2002, 13(10): 1225-1233. DOI: 10.1089/104303402320139005.

[37] PHAN T, NGUYEN V H, D'ALINCOURT M 8, et al. Salmonella-
mediated therapy targeting indoleamine 2, 3-dioxygenase 1 (IDO)
activates innate immunity and mitigates colorectal cancer growth
[J/OL]. Cancer Gene Ther, 2020, 27(3/4): 235-245[2022-03-10].
https://www. ncbi. nlm. nih. gov/pmc/articles/PMC8177749/. DOI:
10.1038/s41417-019-0089-7.

[38] LOEFFLER M, LE'NEGRATE G, KRAJEWSKA M, et al
Attenuated Salmonella engineered to produce human cytokine
LIGHT inhibit tumor growth[J/OL]. Proc Natl AcadSci USA, 2007,
104(31): 12879[2022- 03-05]. https://www. ncbi. nlm. nih. gov/pme/
articles/PMC1937560/. DOI: 10.1073/pnas.0701959104.

[39] LOEFFLER M, LE'NEGRATE G, KRAJEWSKA M, et al
Salmonella typhimurium engineered to produce CCL21 inhibit
tumor growth[J]. Cancer Immunol Immunother, 2009, 58(5): 769-
775. DOI:10.1007/s00262- 008-0555-9.

[40] YOON W, PARK Y C, KIM J, et al. Application of genetically
engineered Salmonella typhimurium for interferon-gamma-induced
therapy against melanoma[J]. Eur J Cancer, 2017, 70: 48-61. DOI:
10.1016/j.ejca. 2016.10.010.

[41] YOON W S, CHAE Y S, HONG J, et al. Antitumor therapeutic
effects of a genetically engineered Salmonella typhimurium
harboring TNF-a in mice[J]. Appl Microbiol Biotechnol, 2011, 89
(6): 1807-1819. DOI: 10.1007/ s00253-010-3006-4.

[42] HYUN J, JUN S, LIM H, et al. Engineered attenuated Salmonella
typhimurium expressing neoantigen has anticancer effects[J]. ACS
Synth Biol. 2021,10(10):2478-2487. DOI: 10.1021/acssynbio.1c00097.

[43] NIETHAMMER A G, XIANG R, BECKER J C, et al. A DNA
vaccine against VEGF receptor 2 prevents effective angiogenesis
and inhibits tumor growth[J]. Nat Med, 2002, 8(12): 1369-1375.
DOLI: 10.1038/ nm1202-794.

[44] YOON W, CHOI J H, KIM S, et al. Engineered Salmonella
typhimurium expressing E7 fusion protein, derived from human

papillomavirus, inhibits tumor growth in cervical tumor-bearing

mice[J]. Biotechnol Lett, 2014, 36(2): 349-356. DOI: 10.1007/
$10529-013-1370-8.

[45] MANSOUR M, ISMAIL S, ABOU-AISHA K. Bacterial delivery of
the anti-tumor azurin-like protein Laz to glioblastoma cells[J/OL].
AMB Express, 2020, 10(1): 59[2022-03-05]. https://www.ncbi.nlm.
nih. gov/pmc/articles/PMC7099546/. DOIL: 10.1186/s13568-020-
00995-8.

[46] FELGNER S, KOCIJANCIC D, FRAHM M, et al. Engineered
Salmonella enteric serovar Typhimurium overcomes limitations of
anti-bacterial immunity in bacteria-mediated tumor therapy[J/OL].
Oncoimmunology, 2017, 7(2): €1382791[2022-03-05]. https://www.
ncbi. nlm. nih. gov/pmc/articles/PMC5749626/. DOI: 10.1080/
2162402X.2017.1382791.

[47] WANG H, CHEN T T, WAN L X, et al. Attenuated Salmonella
engineered with an apoptosis-inducing factor (AIF) eukaryotic
expressing system enhances its anti-tumor effect in melanoma in
vitro and in vivo[J]. Appl Microbiol Biotechnol, 2020, 104(8): 3517-
3528. DOI:10.1007/500253-020-10485-3.

[48] FRIEDLOS F, LEHOURITIS P, OGILVIE L, et al. Attenuated
Salmonella targets prodrug activating enzyme carboxypeptidase G2
to mouse melanoma and human breast and colon carcinomas for
effective suicide gene therapy[J]. Clin Cancer Res, 2008, 14(13):
4259-4266. DOI: 10.1158/1078-0432.CCR-07-4800.

[49] SOGHOMONYAN S A, DOUBROVIN M, PIKE J, et al. Positron
emission tomography (PET) imaging of tumor-localized Salmonella
expressing HSV1-TK[J]. Cancer Gene Ther, 2005, 12(1): 101-108.
DOI: 10.1038 sj.cgt.7700779.

[50] EBELT N D, ZUNIGA E, MARZAGALLI M, et al. Salmonella-
based therapy targeting indoleamine 2, 3-dioxygenase restructures
the immune contexture to improve checkpoint blockade efficacy
[J/OL]. Biomedicines, 2020, 8(12): E617[2022-03-05]. https://www.
ncbi. nlm. nih. gov/pmc/articles/PMC7765568/. DOIL:  10.3390/
biomedicines8120617.

[51] LI X, LI Y, WANG B, et al. Delivery of the co-expression plasmid
pEndo-Si-Stat3 by attenuated Salmonella serovar typhimurium for
prostate cancer treatment[J/OL]. J Cancer Res Clin Oncol, 2013,
139(6): 971-980[2022-03-05]. https://www. ncbi. nlm. nih. gov/pme/
articles/PMC3874139/. DOI: 10.1007/s00432-013-1398-0.

[52] JIA X, GUO J, GUO S, et al. Antitumor effects and mechanisms of CpG
ODN combined with attenuated Salmonella-delivered siRNAs against
PD-1[J/OL]. Int Immunopharmacol, 2021, 90:107052[2022-03-05].
https://www.sciencedirect.com/science/article/pii/S1567576920320087?
via%3Dihub. DOI: 10.1016/j.intimp. 2020.107052.

[S3] NUYTS S, VAN MELLAERT L, THEYS J, et al. Radio-responsive
recA promoter significantly increases TNFalpha production in
recombinant clostridia after 2 Gy irradiation[J]. Gene Ther, 2001, 8
(15):1197-1201. DOI: 10.1038/sj.2t.3301499.

[54] ROYO J L, BECKER P D, CAMACHO E M, et al. In vivo gene
regulation in Salmonella spp. by a salicylate-dependent control
circuit[J]. Nat Methods, 2007, 4(11): 937-942. DOI: 10.1038/
nmeth1107.

[55] MENGESHA A, DUBOIS L, LAMBIN P, et al. Development of a
flexible and potent hypoxia-inducible promoter for tumor-targeted
gene expression in attenuated Salmonella[J]. Cancer Biol Ther,
2006, 5(9): 1120-1128. DOI: 10.4161/cbt.5.9.2951.



526

F [ R R PDIR9T ARAE, 2022, 29(6)

[56] YANG Y W, ZHANG C M, HUANG X J, et al. Tumor-targeted
delivery of a C-terminally truncated FADD (N-FADD) significantly
suppresses the BI6F10 melanoma via enhancing apoptosis[J/OL].
Sci Rep, 2016, 6: 34178[2022-03-10]. https://www. ncbi. nlm. nih.
gov/pmc/articles/PMC5073321/. DOI: 10.1038/srep34178.

[57]1 KIM K, MIN SY, LIM H D, et al. Cell mass-dependent expression of
an anticancer protein drug by tumor-targeted Salmonella[J/OL].
Oncotarget, 2018, 9(9): 8548-8559[2022-03-05]. https://www.ncbi. nlm.
nih.gov/pmc/articles/PMC5823552/. DOI: 10.18632/oncotarget.24013.

[58] MURAKAMI T, HIROSHIMA Y, ZHAO M, et al. Adjuvant
treatment with tumor-targeting Salmonella typhimurium Al-R
reduces recurrence and increases survival after liver metastasis
resection in an orthotopic nude mouse model[J]. Oncotarget, 2015, 6
(39): 41856-62. DOI: 10.18632/oncotarget.6170.

[59] BADIE F, GHANDALI M, TABATABAEI S A, et al. Use of
Salmonella bacteria in cancer therapy: direct, drug delivery and
combination approaches[J/OL]. Front Oncol, 2021, 11: 624759
[2022-03-05]. https://pubmed. ncbi. nlm. nih. gov/33738260/. DOI:
10.3389/fonc.2021.624759.

[60] CHEN J X, QIAO Y T, TANG B, et al. Modulation of Salmonella
tumor-colonization and intratumoral anti-angiogenesis by triptolide
and its mechanism[J/OL]. Theranostics, 2017, 7(8): 2250-2260
[2022-03-10].  https:/www. ncbi. nlm. nih. gov/pmc/articles/
PMC5505057/. DOI:10.7150/thno.18816.

[61] IGARASHI K, KAWAGUCHI K, ZHAO M, et al. Exquisite tumor
targeting by Salmonella A1-R in combination with caffeine and
valproic acid regresses an adult pleomorphic rhabdomyosarcoma
patient-derived orthotopic xenograft mouse model[J/OL]. Transl Oncol,
2020, 13(2): 393-400[2022-03-05]. https://www.ncbi.nlm.nih.gov/pme/
articles/PMC6940643/. DOI: 10.1016/j.tranon.2019.10.005.

[62] ZHANG M M, LI M, DU L N, ez al. Paclitaxel-in-liposome-in-
bacteria for inhalation treatment of primary lung cancer[J/OL]. Int J
Pharm, 2020, 578: 119177[2022-03-05]. https://pubmed. ncbi. nlm.
nih.gov/32105724/. DOI: 10.1016/j.ijpharm.2020.119177.

[63] YOON W, PARK Y, KIM S, et al. Combined therapy with
microRNA-expressing Salmonella and irradiation in melanoma
[J/OL]. Microorganisms, 2021, 9(11): 2408[2022-03-10]. https:/
www. ncbi. nlm. nih. gov/pmc/articles/PMC8621892/. DOI: 10.3390/

microorganisms9112408.

[64] LIU X D, JIANG S N, PIAO L H, et al. Radiotherapy combined
with an engineered Sal/monella typhimurium inhibits tumor growth
in a mouse model of colon cancer[JJOL]. ExpAnim, 2016, 65(4):
413-418[2022-03-05]. https://www. ncbi. nlm. nih. gov/pmc/articles/
PMC5111844/. DOI: 10.1538/expanim.16-0033.

[65] BINDER D C, ARINA A, WEN F, et al. Tumor relapse prevented
by combining adoptive T cell therapy with Salmonella typhimurium
[J/OL]. Oncoimmunology, 2016, 5(6): e1130207[2022-03-05].
https://www. ncbi. nlm. nih. gov/pmc/articles/PMC4938310/. DOI:
10.1080/2162402X.2015.1130207.

[66] CHEN W F, GUOZ F, ZHUY N, et al. Combination of bacterial-
photothermal therapy with an anti-PD-1 peptide depot for enhanced
immunity against advanced cancer[J/OL]. Adv Funct Mater, 2020,
30(1): 1906623 [2022-03-05]. https://onlinelibrary. wiley. com/doi/
10.1002/adfm.201906623. DOI: 10.1002/adfm.201906623.

[67] ZHAIY W, MAY Y, PANG B, et al. A cascade targeting strategy based
on modified bacterial vesicles for enhancing cancer immunotherapy[J/
OL]. J Nanobiotechnology, 2021, 19(1): 434[2022-03-05]. https://
pubmed. ncbi. nlm. nih. gov/34930285/. DOIL: 10.1186/s12951-021-
01193-9.

[68] CHEN W E, WANG Y, QIN M, ef al. Bacteria-driven hypoxia targeting
for combined biotherapy and photothermal therapy[J]. ACS Nano,
2018, 12(6): 5995-6005. DOI: 10.1021/acsnano.8b02235.

[69] GAO S, JUNG J H, LIN S M, et al. Development of oxytolerant
Salmonella typhimurium using radiation mutation technology
(RMT) for cancer therapy[J/OL]. Sci Rep, 2020, 10(1): 3764[2022-
03-10]. https:// www.ncbi.nlm.nih. gov/pmc/articles/PMC7048768/.
DOI: 10.1038/s41598-020-60396-6.

[70] CAO Z P, WANG X Y, PANG Y, et al. Biointerfacial self-assembly
generates lipid membrane coated bacteria for enhanced oral
delivery and treatment[J/OL]. Nat Commun, 2019, 10(1): 5783
[2022-03-10]. https://www. ncbi. nlm. nih. gov/pmc/articles/
PMC6923387/. DOI: 10.1038/s41467-019-13727-9.

(BRI 2022-03-25 (EEE#]  2022-06-10
[ASCHRER] By, ki



