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Abstract: Helicobacter pylori (H. pylori) infects 48.5% of the global population, with approximately 42.8%
in China and is linked to chronic gastritis and gastric cancer. Current mainstream antibiotic therapies against H.
pylori are limited in clinical application due to antibiotic resistance and high recurrence rates. Consequently, there
is an urgent need to develop novel therapeutic strategies. Research indicates that persistent H. pylori infection relies
on its immune evasion mechanisms. Outer membrane vesicles (OMVs) serve as critical mediators in pathogen-host
interactions, facilitating multiple immune escape strategies by delivering virulence factors, nucleic acids, and other
substances. Deciphering the mechanisms of OMVs-mediated immune evasion in H. pylori is pivotal for
overcoming the bottlenecks in OMVs-based H. pylori vaccine development and devising novel targeted therapeutic
strategies. This review synthesizes recent research advances in OMVs-driven immune evasion, analyzes challenges

in translational applications, and proposes future directions to inform innovative anti-H. pylori strategies.
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% A (vacuolating cytotoxin A, VacA) & &K EH
A (cytotoxin-associated gene A, CagA) 47 ) # it i 38 B
R B RE KT H0E A S @ 5 A A
PO (E AR R R, X S HUR R4 T I OM Vs
13X, OMVs 1) XU M5 45 /4 RE AR Bt B N AIRIR 5 I fid 24
55, M58 H. pylori () € 1 5 20 g 11
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Table 1 Key pathways and molecular mechanisms of innate immune activation by H. pylori infection. PRRs: Pattern recognition
receptors; PAMPs: Pathogen-associated molecular patterns; TLR: Toll-like receptor; LPS: Lipopolysaccharide; MyD88: Myeloid
differentiation primary response gene 88; NF-xB: Nuclear factor kappa-B; IL: Interleukin; Th: T helper cell; DCs: Dendritic cells; CCL2:
C-C Motif chemokine ligand 2; CXCL10: C-X-C motif chemokine ligand 10; JNK: c-Jun-N-terminal kinase; CpG: Cytosine-guanine
dinucleotide; IFN: Interferon; NLRP3: NOD-like receptor thermal protein domain associated protein 3; ASC: Apoptosis-associated speck-
like protein containing a CARD; NOD: Nucleotide-binding oligomerization domain; RIP2: Receptor interacting protein 2; MAPK: Mitogen-

activated protein kinase; DC-SIGN: Dendritic cell-specific intercellular adhesion molecule-3-grabbing non-integrin

Downstream Effector

PRRs PAMPs . . Involved cell types Biological function Ref.
signaling pathway molecules

TLR2/4 LPS, MyD88/NF-xB IL-8,IL-12,  Gastric epithelial cells, neutrophils, Activates Thl immune response [16-19]
lipoproteins, pathway IL-23,1L-2, monocytes, DCs
peptidoglycan IL-6

TLRS Flagellin MyD88/NF-xB CCL2, Gastric epithelial cells, neutrophils, Antiviral response, activates Th1 [20]

pathway CXCL10 monocytes, DCs, T cells immune response
TLR6 / JNK pathway IL-8,IL-15  Gastric epithelial cells, neutrophils ~ Activates inflammatory [21]

pathways, eliminates pathogens

TLR3/7/8/9 RNA, CpG NF-«B/IFN pathway IL-17,IL-8  Gastric epithelial cells, neutrophils, Activates inflammatory pathways [22-24]

DNA monocytes, macrophages, DCs
NLRP3 / ASC/caspase-1 IL-14,IL-18  Gastric epithelial cells, Inflammasome activation [25]
inflammasome macrophages, neutrophils

NOD1/ Peptidoglycan RIP2/NF-«B pathway, IL-8,1L-17  Gastric epithelial cells, neutrophils, Activates Thl immune response, [26,27]

NOD2 MAPK pathway DCs promotes antigen presentation
DC-SIGN  Fucosylated NF-«B pathway 1L-10 Gastric epithelial cells, DCs, Enhances anti-inflammatory [25]
ligands macrophages response

Table 2 Core strategies for immune evasion by H. pylori. VacA: Vacuolating cytotoxin A; CagA: Cytotoxin-associated gene A; T4SS:
Type 1V secretion system; PD-L1: Programmed cell death ligand 1; NKG2D: Natural killer group 2 member D; sMIC: Soluble MHC class |
chain-related protein A and B; TGF-f: Transforming growth factor-£; OMV: Outer membrane vesicles

Key molecules/

Strategy Target cells Mechanism of action Net immunological effect Ref.
pathways
Molecular camouflage ~ LPS modification DCs, Low-acylated/ Suppression of innate immunity  [32,33]
macrophages monophosphorylated lipid A
evades TLR4 recognition
Flagellin variation Epithelial cells, = Evades TLRS5 recognition Suppression of innate immunity  [33]
immune cells
Direct immune cell VacA T cells, B cells, Induces mitochondrial Suppression of adaptive immunity [34,35]
inhibition DCs dysfunction, inhibits activation and
proliferation
Macrophages Induces apoptosis Suppression of phagocytic
clearance
Signaling interference & CagA/T4SS Epithelial cells,  Inhibits NLRP3 inflammasome Suppression of pro-inflammatory [36-39]
recognition disruption macrophages activation response
CagA/PD-LI axis T cells Upregulates PD-L1 to inhibit T- Suppression of T-cell activity [40,41]
cell function
CagA/VacA-NKG2D NK cells, CD8* T Induces sMICA/sMICB shedding, Suppression of cellular killing [42]
Axis cells inhibiting cytotoxicity
Microenvironment Urease/ammonia Phagocytes, Disrupts epithelial barrier; inhibits Suppression of clearance; [43]
remodeling epithelial cells phagocytic function promotion of tissue damage
Treg induction Microenvironment Promotes secretion of IL-10 and Suppression of Th17 immunity;  [44]
TGF-p induction of tolerance
Physical Evasion Biofilm formation - OMV-mediated aggregation blocks Immune evasion [45-47]

immune access

Intracellular residency - Provides a physical niche Immune evasion

W J B4 & (interleukin, IL)-10. %% fb £ K K -8 AR T AR RS B R B, H. pylori
(transforming growth factor-f, TGF-p) 43, M1 310 ] OMVs A F| T 41 & LE W T 1, B H. pylori ") i
Th17 %™, &5, VR SO b Rz 41 i P 25 A ) TE BAKAS T OM Vs /1 5 (1 40 g 1] SR AR TV
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MK B, OMVs A& H. pylori SEI 4 1% 16 3% A1 45 42 %
G A% DB . RN EAT LS, 0T B H. pylori 18
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H AN [E B B, OMVs [ 8 A BT 4L 7 AR FEAR R 22 5,
K JE I OMVs B & 2 5% 0 AU i A 5L
T A U B B R B s ) B T, TR R0 £
W OM Vst 5 5 5 (1 5 7K, W VacA . CagA..
IREESECY . OMVs 78 K/N5 4 5 b BB 5 5 R0,
o R T IR RN SR B B A A RAE, R A
AL T HAE R SR ARG T R BRAE R TR AE B A
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H. pylori OMVs 3 [f J& 7~ 1 ifil B 4t Ji7 45 A& 2
(blood group antigen-binding adhesion, BabA ) A1 M i iz
4E & AL & (sialic acid-binding adherence, SabA) A
g U IS5 A B bR 20 M 2% i E S I Lewis I8¢ Bt
Ji, 4 A 3 E R A fE IS AR R, H. pylori
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VacA Ik B 55 2 DR 47 10 b7 B, HIRAE0 15 P9 71 6T 1) I8
FIFE PE IR SEIR, Hof X B N oy F BRI 26 &
AR . B2, IX BN oy 1 RS B 45 1E 3 4E R T
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PiE R B AR SR R IA, S 5 B R R B
(R R A ol

64k, H. pylori OMVs B %% 35 5 b 5 B [, 32 17
P BRI RN oy ik B E b RIREH R iE
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2.3 H. pylori OMVs N S&EZ BT SRIEMHE] H
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T o FCAE FH AT R O 00T G 22 U T e AR TR g FL A
H. pylori OMVs it i H A% 47 1) LPS . JIk 58 B 5 PAMPs
WOE E VR4 il 5 DCs, 7 % IL-8. B R FE K ¥ -«
(tumor necrosis factor-a, TNF-a) 25 {2 %5 K 7B, I LA
FAMIEEE A B S Th1/Th17 234k, WSR3 %
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N BT R B R B, DR 4 B E M AN IE SR A T
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PE, W 5575 3 4 % B 1 e 701 L] 1 S gl 1E 3L AR
P OMVs i 5 18 551 T/B 41 i 7346 « 4334 IL-10. TGF-p
ST R - DU 2 S P T 52 1 S s A B0
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OMVs AT S ik 1) 22 Pl 43 i 4% (R 3)! 7, 18
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PRI FL IR 5T A &5 R 35 D9 (R e A0 A B iR A T =X, e 2 3%
) 55 G B % JiR A, DT A8 G i % 28 % 15 S TLR4 A 3
B S B AR N AR R R 4% G 9% 4 i ) R ) T, AL
pylori OMVs " IE I #7 VacA & 28 bRk ig 1215 T B
SR T, I EEEANE B 415 T 40 A 00 3 A0 R 3 5,
M BELAG 470 5 2360 5 1973 = K a2, OMVs id: g Ji
I 3% VacA WOE B bR 40 ML () % R «B (nuclear
factor kappa-B, NF-xB) i i 15 T 1L-8 7 4, £ & 1] LA
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AN Vac A B 1 JI K7 40 M 7= A R SORE, A A
T H M N A7 G S AR Y A, IEERE RN T
OMVs /1 3 f L 6 % H) BT I LA . Ho—, fFEOMVs 5
T AN AAR ) A HAE M 28 1, H. pylori OMVs 38 i
77 B UK 58 28 19 (heat shock protein, HSP) 60/70 %5 #
JIR ¥, WOE 1 £ TLR @ B, 5 5 15 32 S0 A ) £
BHAK T 3, R NE-kB A8 5 340 Wh IL-8, fe &
UK B2 1 J0E M) e R E AR ) /N ESm S RNA
(small non-coding RNA, sncRNAs) i 4% 1§ 1ty OMVs
IR kR A TR . AR R A
pylori OMVs H1 & %£ [1] ' £ sncRNAs (sR-2509025/
sR-989262) I fi 75 A [F] Jak G [ B R 4 3k 7 4 1 428 4
F o ARAPSZIGESE, iX 48 sncRNAs A] L3N H b7
Y1 B B ) 1 T, P TL-8 S i 48 IR 7 1 40 ik, TR b
Ay — PR IR e B BRSO 52 i R T 2H R W 4R
5E L 1) G 9 36 SR AL A 72, SRR, B SN SRR, A )
f) sncRNAs 1] &, 3 $2& TF 1M 7 TgG/IgA I J7 i sIgA 7K
ST, 3T B R R S AR T X FRE LT
4 X0 1 425 B 7~ sncRNAs 7] B8 75 18 G H B A 5 5 30
G B M LUR T 58 A, T CE AR 1 S0 00 2 5 R AR
95 N, RS IR B BORs S 8k 40 1 ELAE LTS A 5 dk
— T
3 OMVsSHiEZEMm

H. pylori FUA Z M 245 PE I H 28 ™08, A2 42 Bk
W HAR BRIVA ST R EE R K . IR, OMVsAE
— i E 20 T PR B0 R G B I AN K B,
HAEPUA R 2P 98 A AR BB 2 3000 . RE
EFXF H. pylori OMV's ) ELHEEHI 5% 4 £ S 2 By Bt (H 2k
TORE H A B 2= B R T BRI 5E, OMV's 7E HE S 4H B
it 24 14 A B S BEHETE A L R AR . LT LB B R
AN e 2 B AR R BGE, JFIE Z ML ) Y 5 4 A i
21, B0 AR R 2] L PR L PR A5 00 B Il v M AR AN I
PP QAL OMVs A5 1 G 2 H0 i 1 7T g 2 5 3
PUERIRIT RN — N EE AR R .

T 5, OMVs Re iy B 59 P AE IR RUR, A
YR TR SR AL AR AR B 4 o BF FT R I, Il 9% 5 B AP BRI T
2 A RSP RN, 2 KED W OMVs LLTE S
LA PIAERY . KN, H pylori OMVs tH 4§ ilF 5k
R 771 B A P R4 20 TR 52 e B 3R A SR
AR, RRBLT X PP 3 B VR FH I m PE . LK,
OMVs J& 7K ~F- J PR 56 7% 1) 5 K 3044, fe A0 22 F (R 97
Fi DNA B 56 B 1 i 24 3 R 82 50, AT £E A [R] B a) o
AU 24 55 R 807 . OMIV's 1 i) /R Sy v A i 243 g 11
BT 508 ST RS B AT 8T OMVs
ik, DOKBIAERTY. &E, BT AR EER
BAE L, 16 7 1 595 51 G AE P [R) 3 B o S Ao A v 4
FERELE ., H pylori OMVs 5% K1) G 1 5 2k iR Th
RE, BENS M 5518 32 26 R % 5 3d R VE S e R, XA
OMVs & & I o 2 #0855, 7T BE 2 35 PR R
AR BR R, A4 FEURITIN R . 4% Bk, OMVs &
H. pylori 2 it 25 VLI S84 F o RN LA ML
i, v i 25 Ve SR i 7R EE L. S5 — 5 T, OMVs fir
A 1R 8 G 92 S ) OB T S R A L O T R
B E I BAR S 6 .

4 H. pylori OMVs ZEHWF LB ENHIHE

H T, OMVs 2RI R B R M i 5 2% 38 B
AT R . T OMVs B 2 4173 % 1 4ACMenB (7 i
% - Bexsero®) CL3R1F RPN 24 & B B S 5 36 [ & L 24
i B B R AT B TIT o R PN 22 Bl I A 1) B R M
JBE 8 BRTA B A Tz B ARG R T, AR IR R B P
A5 E H % GEUR BT R 7 B OM Vs S5 1
N W PR B 58 B B AE H. pylori & B BT VR T,
OMVs 1 J9¥i 7 FIUHE 5 15 5 B 40K (1 TG 5 SR )8
L B 278 S, OMVs fe 5 205 S 4 H5a 2 i
G N2, A HE R S % Th1/Th17 40 f 5 9% A0 6 5
G5B HL pylori P T H AR FIVE L EE 2= KA
TR AN 47 3R L B Ve 7R 5 SR S5 8] 28 R 55 7 1
151~ TV RS 5 R e P OR P M e 2 B ) BT AR AE SR

Table 3 Mechanisms of immune evasion mediated by H. pylori OMVs. HSP: Heat shock protein

Level of action Key component Target cell Specific mechanism Overall effect Ref.
Evasion of innate immune Modified LPS DCs, macrophages Low-immunogenicity LPS evades TLR4  Suppression [48]
recognition recognition
Immunomodulation of VacA T cells, B cells Inhibits lymphocyte activation and Suppression [69]
immune cells proliferation

Macrophages Induces mitochondrial-dependent Suppression [69]
apoptosis
Driving chronic inflammation CagA, VacA,  Gastric epithelial ~ Activates NF-«B pathway, induces Promotion inflammation [70]

HSP60/70 cells

Host exosomes/
epithelial cells

& carcinogenesis

sncRNA-mediated
immunomodulation

sR-2509025, Gastric epithelial
sR-989262 cells

Forms a feedback loop with host
exosomes, amplifying NF-«B signaling
Inhibits secretion of pro-inflammatory
cytokines

persistent IL-8 secretion

Promotion (inflammation— [71]
carcinogenesis)
Suppression (early
colonization)

[72-74]




+ 1006 -

2424} Acta Pharmaceutica Sinica 2026, 61(4): 1001-1010

FRAEETS H. pylori OMV's [ 5 G 2 J5UE fil AR T 4%
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G B I 4 9% DA K P-4 Th1/Th2/Th17 8 & Y 4 %
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Bk = 2 326 2% S R B Lo T 2 A, BT OMVs HH
A G S o o B RS . BESL R, A
pylori OMVs H AT & ) sncRNAs (sR-2509025 F1 sR-
989262) 1 #1175 I A Th1/Th17 BY 4 % B 25 . fl b
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L—> Cytotoxic T lymphocyte

Immune responses induced by H. pylori OMVs. Left: Innate immune recognition and activation. Surface TLRs recognize various

PAMPs carried by OMVs, such as LPS, flagellin, and nucleic acids. This triggers downstream signaling via the adaptors MyD88 or TRIF,

activating transcription factors NF-xB and IRFs, which drive the expression of pro-inflammatory factors/co-stimulatory molecules and type I

interferons, respectively. Right: Adaptive immune initiation. Activated antigen-presenting cells present antigens via MHC class 11 to CD4* T

cells, promoting their differentiation into Th17. Concurrently, MHC class I cross-presentation activates CD8 * T cells, driving their

differentiation into cytotoxic T lymphocytes that directly clear infected target cells
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