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Abstract: Human papillomavirus (HPV) infection is a major global health challenge closely
related to diseases such as cervical cancer. At present, there is no effective treatment for HPV, and
thus it is essential to develop new antiviral biological agents to reduce the harm of HPV infection.
Recent studies have revealed a complex relationship between HPV infection and the human
microbiome, suggesting that HPV infection can disrupt the balance of the microbiome and cause
immune dysfunction in the body. In recent years, studies have found that oral or topical use of
specific probiotic strains can reduce HPV titers in patients and prevent viral infection-related
cancers, demonstrating probiotics as a new class of anti-HPV preparations with a development
value. From the molecular biological characteristics of HPV, this article systematically summarizes
the pathogenic mechanism of HPV infection and explains the antiviral mechanisms of probiotics
from four perspectives: inhibiting virus replication, regulating immune responses, enhancing the
mucosal barrier function, and reshaping the human microbiome. This review aims to provide
theoretical references for the efficient breeding and mechanism analysis of anti-HPV probiotics.
Keywords: human papillomavirus; immune escape; microbiome; probiotics; antiviral mechanism
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Figure 1 The life cycle of HPV. Created with BioRender.
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Fz1 XEREMEBMHPVERERMEER
Table 1 Probiotics applied in anti-HPV infection as reported in the literature

Strain Form Models for Effect Mechanism Reference
validation
Lactobacillus plantarum 5BL  Cell-free Hela cells Antitumor effect ~ Reduce cellular apoptosis, lead [46]
supernatant  (infected with to cytotoxicity, thereby inhibit
HPV18) the proliferation of HPV18
Lactobacillus crispatus SJ-  Cell-free Hela cells Antitumor effect ~ Reduce caspase-3 expression and [47]
3C-US+Lactobacillus gasseri supernatant  (infected with activity, leading to decreased
ATCC 33323 HPV18) LDH release and upregulate hCG
B expression and autophagy
Lactobacillus gasseri G10+  Cell-free Hela cells Anti-inflammatory  Produce extracellular [48]
Lactobacillus gasseri H15 supernatant  (infected with effects polysaccharide, which enables
HPV18) acid bacteria to better adhere to
host cells
Bifidobacterium adolescentis Cell-free SiHa cells Inhibition of gene  Downregulate the expression of ~ [49]
SPM1005-A supernatant  (infected with expression HPV16 E6 and E7 genes at the
HPV16) mRNA and protein levels
Lactobacillus crispatus SJ-  Cell-free HelLa cells Antitumor effect ~ Downregulate the expression of  [50]
3C-US+Lactobacillus supernatant  (infected with CASP3, MMP-2, and MMP-9
rhamnosus GG HPV18) while upregulate of the
expression of TIMP-1 and
TIMP-2
Lactobacillus crispatus SJ-  Cell-free Caski cells Antitumor effect ~ Downregulate the mRNA levels  [51]
3C-US+Lactobacillus supernatant  (infected with and inhibition of ~ of HPV16 E6 and E7 oncogenes
gasseri ATCC 9857+ HPV16) gene expression as well as CDK2 and cyclin A
Lactobacillus jensenii
ATCC 25258
Lactobacillus casei SR1+ Cell-free Hela cells Inhibition of gene  Upregulate the expression of [52]
Lactobacillus casei SR2 supernatant  (infected with expression BAX, BAD, caspase-3, caspase-
HPV18) 8, and caspase-9 genes and
downregulate bcl-2 gene
Lactobacillus delbrueckii Cell-free U4 cells and Antitumor effect ~ Upregulate the expression of E-  [53]
DM8909 supernatant  HelLa cells cadherin
(infected with
HPV18)
Lactobacillus crispatus Cell-free Hela cells Antitumor effect ~ Downregulate the expression of  [54]
SJ-3C-US+Lactobacillus supernatant  (infected with HPV18 E6 gene as well as
rhamnosus GG HPV18) caspase-3 and ATG14 genes
Lactobacillus gasseri LGV03 Cell-free CaSki cells Anti-inflammatory Regulate the IRF3 signaling [55]
supernatant  (infected with effects pathway and the NF-kB
HPV16) signaling pathway, while
enhance the production of IFN-y
Lactobacillus crispatus Cell-free SiHa cells Antitumor effect  Silence ARHGAPS5 expression [56]
2743+Lactobacillus gasseri  supernatant  (infected with and reduces the levels of E6 and
3396 HPV16) E7 proteins
Lactobacillus casei TD-2 Cell-free C57BL/6 mice  Antitumor effect  Increase IFN-c, IL-4, and IL-12  [57]
supernatant level as well as tumor necrosis
factor-related apoptosis-inducing
ligand (TRAIL) in tumor
(528)
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(E#1)
Strain Form Models for Effect Mechanism Reference
validation
Lactobacillus casei BL23 Cell-free TC-1- Immune regulation Increase IL-2 production around  [58]
supernatant ~ Challenged Mice the tumor
Lactobacillus crispatus Cell-free Colitis mice Anti-inflammatory Release hydrogen peroxide [59]
M247 supernatant effects and which upregulate PPAR-y and
mucosal barrier TLR-2, and downregulate TLR-4
enhancement
Lactobacillus crispatus Freeze-dried 35 females with  Mucosal barrier Enhance probiotic colonization  [60]
M247 cell-free HPV cervical enhancement and encode fibronectin type 111
supernatant  infection domain-containing proteins and
N-terminal fibronectin-binding
protein A
Lactobacillus rhamnosus Freeze-dried 117 females Mucosal barrier Inhibit colonization of pathogens [61]
BMX54 bacteria with bacterial enhancement and improve the vaginal
vaginosis or environment
vaginal
inflammation
accompanied by
HPV infection
Lactobacillus crispatus Cell-free 160 females Antitumor effect ~ Release hydrogen peroxide, [62]
M247 supernatant ~ with HPV lactic acid, and bacteriocins to
cervical regulate mucosal inflammation
infection and control celluar proliferation/
apoptosis
Lactobacillus casei Shirota ~ Probiotic 54 women with  Mucosal barrier Reconstruct vaginal microbiota,  [63]
drink low-grade HPV- enhancementand  directly kill pathogens, compete
infection anti-inflammatory  for host cell receptors, and
effects interfere with the gene
expression of pathogens
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lhan ZE RIS 8 A T 25 A8 B8 X G0
MIRZI , 2 IER 43 FLAT TR A AR BB % L9 - iz 21
M B ZR RN, A EEFH1iE X HPV 8y

XF 160 44 B YL T HPV 9% 8 W 0 L il AT iF 98 &

%,DW%?%%E%H&MM7ﬂ@%%mﬁ

HHPV (I BRR B B4R T o — 2 i sEdE

MMJ%%%%%%%E%%%%E&@,ﬁW

g 2 0 B B S B AR R T

321 EEHAXNRENRREIESFGE
T 32089 it TR 1) 95 W R 5 B AR 4R FH 2 AL
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TR FR HPV R B, 15 HPV Beid ferh,
Joa T BE B I A R GE I IS, T v R 2 20 i
IARDIER], et dbi . WEGTIR I, FFE
()55 A R RE SIS s LA Y S e il , 80 NK 48
ML AVER, dEmi > HPV B TEIR N &
HP%, Nanno %5 & BAE R4 A & A7+ B 7L AT
T (Lacticaseibacillus casei, LcS) At & B2 ] LA
52 NK 40 A 35 PR 5K Y 52 3K B9 NK 48 J 05
#EI1. Abdolalipour ZEUO RS Hh & B, Bk IE
SR IET JIR TRR AS SUE AT B AT A /05 N R BT R
G g2 K2 H- A Z2 35 T HPV16 Y 1) i A K
Te] i 968 /) B o IO S i 2 TR P S RSB A T P IR
T BRI S IL-12 I IFN-y A=A L bk e
Y IG5 DL K 5 CD8* 41 AR i S v, AT
P AR BRI 2R 1, XSO EREE R,
o S i A TR SO Y SR R DU YA
ROTH

AN, g A2 A RE B O TR 2 A R
(antigen-presenting cells, APCs) i Zh g, i H 2
B SEIRAH I (dendritic cells, DCs), XX T i3 a4t
XF HPV [ Iy M B i F hiy 22 DG T 2. A S8R 4
JIBEMEAH AR 3 HPV BURZE T 4ififd, Mimis
B gie 2 iU, shi MBI 8K, #5
A TR YR FE A TR 50K A0 1 AR
MITTEEO HPV 14 B 58 R S0 S . 7E Gao
SHBIRF TR, M FFLAF I LGVO3 3 s i
IRF3 {553/ 1g 5w 1 SR UM H B2 [Poly(1:C)1i/5
PR B A, IRl I NF-«B {5 53 i
W T Poly(1:C)is T HULZ 2 AT Il A BRI,k 4k
S5 4278 LGVO03 HA 4ERF e R A R 20
AR HYVE T, DT B oy A%t il 2 18 2 4 PN o
42 H . Abdolalipour 2B e 35158 o T W FLAT
W TD-2 XA 6 4 i - B3 20 i 4 7% 3 9% 5
(granulocyte-macrophage colony-stimulating factor,
GM-CSF)ifs 5 U8 /N B S 5 W 28 T 5 v &
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M, TEFLFE TD-2 g4I/ INEUA N IFN-a.
IL-4 F11L-12 7K, AT LA i e S PRt
IR L E I A5, IR A4 1 . Jacouton ZEB
MR, THEFLFT# BL23 REMS I/ B
A IL-2 17 A, IR E NK 8L B e
£, NI HPV i 2 (14 52 1) S g iR 1
322 RBERIERM

s E R E A PR, A BT IEEE HPV &
YL T 5| B RAE N o AT RE A% I8 4% 241 if
772, W E 4 2R -6 (1L-6)F1 1 4H AL 4
-8 (IL-8), MTIs % 4 G FH I /0 AH G 41
BT, i, Jacouton ZEP RS K, H
T E& FLAT A BL23 H T/ HPV16 i/
BL23 J/Y7 i E RN T H B4 IL-6 KT,
B HBRVEN . Giralt U8 k3, T
Fi% FLAT 7 DN-114 001 BERSAE AR I /D 1L-8 1Y
B, R IL-10 MR, X EERFIR 4R,
% A B A HPV B YL IR BE b BT R R E Y
w1,

A, 4 A TR AR 8 (2 E Bt 4% 40 i X5 1)
A, W IL-10 i TGF-B, X A7 Bh T4 KR s s fa
A5, FERR R g RN, Petrof ST A
R, oA I T 45 LR A i R gk 4
MR, RIERAS T IL-10 A7, A
Pk T HRIFBEHIIL . Di Pierro 45O F 5%
T, BMFLATE M247 fefgiib 1L-8 BRI .
Chen Z5UBF 58 2 80, K BESLAT B XIC60 HATIE
I B2 W40 At 1L-6 A IL-18 AKSEIIPEH, RERSAR
UMb 7 i B2 R RS 90 o X SEAF IR, 25
Az B 3 o R T A 8 RN 4% 4 B R 22 i) A ST Ay
RV BRE N, T RS HPV B YL
KM RAE o

Fo A TRE 2 LR SRAE RN, X HPV gk
PR iERR A EENE L BERIETRESE
W — A F T HPV RS YL fk eI EREE, A
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TS o e SR S0 L T D9 A el g 55 HPV A
BRI
3.3 iERFMIREPEINEE

Fis A RT3 3k 22 FhATL A % 260 R 7 A AT 2R
. BT, fR/E TR BRSO I AR Y 5E
B, TR AR R L R, e
%5 157K 1 (0 Occludin #1 Claudins) i 263k ,
FEZERE 1 Rz 20 it 52 3% A BE 5 JE A AR A Tl
K A% % AR VR, fil4n, Mastromarino 2]
WO 7T 2, LR 1A 4N TR A s 4 i B 3 b
Y R T AR R ERAR DT A T
BRifiE, MM HPV B RUG . 7F Vemuri 270
Mg, S A BRORD R vE TR 3L
(Lactobacillus acidophilus) DDS-1 1] P4 2k 3% 7 i
FEBEEETI e, BAARI N B HIEREAMER
ISR o W . Li BB ST A B
IOWE FEKTR IMO6 HAA B FhE R 5 RE s, JF
FIE P2 = 26 15 4 f (W] 55 %% 3% 4% 85 11 Occludin 71
MUC-2 fyZRIkKF- o X 285 Bt — D om i 1 45
A TR SR AL B R B D fig L S i Bl HPV JBe Ty
TV T

B3 o oy BB R Ak, 25 A PRI BE TR Y 8
G PE RN, A BT AR R R B R R . AT
AR P R (Can Bl AR 2= AL B AR) I 2, 3
SERRXHELAE HPV TE N B9 I A B T 1 e T
PEC peAbh, 254 AR RE VR PE BRI A, A
b REAFE B R BRI
BN A, T SR Tk R B G Th AR
7R, LMW USSR EHE M ERE, IF
FETH s RE I Tk A0 e A B

T 2 RO 286 B 5 s ) 6 %) 18 19 X T HPV J%
Y LA HE R S i B L 58 0 286 5 5 R R 1%
FHIE HPV #E AT ZERE LS b, SR RRAR
TR 9 i A2 R 1 RS, o Ao 5 28 o
25 A2 T AT AE AR AE HPV JE& e $i A %50 A1 10 44

Jifpl®
3.4 BTPAEMESIME

TEXF HPV 1yBiEgE, BIERE YRR C &
MBEIZOESE . WESEAR Y, SRS AR 1
AW, WFLAFR AR, 5 R Y B I PR B L
S HPV 5 22 3% e 1 ey 251 S 0 38 A JXURS: B
Ky FLERAT R T St —Fh Ok 4Pk 1Y 4 20 5 i
Gh, W AERR . o E AR SRS YY)
Jot, DA v e s IR AR (AL 65 HPV) Y ZE KA
I Bl

2R E T B AE Y #EE S HPV &
PeZ A FR . Gao Z710iH 1 iy s 4 BA S A 5%
BRI, VRN FUA I O LA ) I
FE R I, R HPV Y XU AR X 804K T
Z, AT e A 2 e R R
HPV e XU AR . Chen ZEB70 1 F K B
BEARVEE ST 1 —Fh BB R R S 5E, DABESE
FH 3 B #% 4 (vaginal microbiome transplant, VMT)
Xof LA e A8 AR, A AT DA At A B
TR W I RS RL, 45 R BoR, VMT
RE A 0l 25 D% FH AR TR 5 | A Y 5 BEARORE , T Uik
b [ 3E N AR R AR T IL-1B A1 TNFo I FLER
AT 32 40 1 9] T f 2 0 I K 02 31 0 R 7K
o AN, Mhatre 25T T — 33 A [ 6
AT HPV Fp 22 Je e 1 ey 291 5 AU 2 5 ) (g 90
oY, X —WH AT TR A, &
PR P LA TR = B 2 v 1 L PR TR I 5= 1) HPV
FR SR Y R e e 0 A A XU s M, B
MEAT R FERE LM, HHPV KrEgdefl
B SR A g XU AR A AR . di Pierro ZE7STRY
WFoEHM, 78 35 4 HPV B2k &, &
it 90 d M RAE T FLATFE M247 J5, AL 1 &Pk
() 1 G e AT R AR R D>, AR 33 4
P BB LA D AZLER R (CST 1) A E, 03
A 1 4 Lo Pk B I8 A W BE DY PR LA
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(CST U H=E; HEHMRd G, 25 # &M (71%)
(4 fE 7 HPV ARG A5 2 HPV A6 I 34 5 B
1M 10 44 2P (29%) () HR-DNA #6475 5 BAE .
53—J71, Edelman %@ it /B e, AHLT
— P S T XS T A T b s M FLA R AR ST,
% bR BE B8 4 W FL AT A bR R T R (late
embryogenesis abundant proteins, LEA), 5 A B
bR AN ZE A, DA 7L R 1 A B A B 3 A
J5E b, T R B P B S R X SEHF
R T, BIE A YR 0 2 s AN 5
HPV 2% 5 1 XU 1 Jie 22 1) 770 2% U0 19 SG Ik
FLIRAT I 25 AT #i I A A AT B T 4 B 1 i
W, ] HPV RS, JRRRR S 2 Al
A= 1 SR XU

2P F5E T X SE AR Wy A E AR AL
FFRR T I TR W RE IR AT HPV AHCT
P, AR, HIFLAFTE M247 78 e
SR I, B TE B 2 4 B A O
di Pierro ZE0F58 R L, M247 RENS /> W4 1 2% (1
elveticins, penocin) 1 2 FiimiE 2, B A A
BB A R LU, Wi, Du Tk
B, KOBUBEFT T 020402 REAL 7 A — Pl A0
Bt RE R 11 020402_LYZ M1, 13K 1 HA L
PRIAEZS AR P, SR oE 45 FEBESE, 35
Az T RE % 8 1t A R TR R A AR A, T A
Pt HPV [ II5L

4 REHRER

HPV J&—F 5 Tl i PR A £ 4% 1) DNA %5
B, YL 5] RIEAE . HPV YL Bom AL HI
AR R, . e ki | RRSREY . AN
AR K LN A S A, ARk, #F5EHE
P13 T 25 Y 2 A HPV R B0 () S £
Z— MATHEIE BN, 25 HPV 7Ry L)
KA S TP s RGE R, WI2TE g gy
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AT R & M e, IRYTMERE S R . I,
T4 AR R LA ¥ HPV &
go XFB R T TR . T
KV HA R X,

Har, MRS 254 IR T B 0IE S8 XF
HPV B A —E Y7k ttssdaih, #AEW
AE S EEEYUREE . BT L R RE
BRI SE BE D) REAE 2 FPALE], X HPV Ry
AP AR AR, 78 HPV e, 25 EA T
s T AR RE R AR, R Y 2 A TR TR PR B A%
S b Bz A0 53 W e BT K R LA B B I 1 1
AT, M/ HPV SR EE A, Jhekgs
A TR R R A RE SR AL LR B e e WE LT RE L B
NK i 1) A% 1, A6l HPV 5 28 7 14
PR T L, g A T AT B 2 A0 I
T =A, BERe et s, BRI R E R
N KA. BRILZ AN, 5 AR R i 2 e B A 1
AT, BRSO S HPV HELeE s, FH

BRI A ) & R SR, HRT HPV 5E
e T UKL Y B 5 B RAKIA 0 B, oy
HPV i #E 0R 75 (5 B s B3 B8 . &0k
AN ] AR ER R o L, AR T it —4
WRR B HPV R WOk A i 3% . BT T
DT HPV £ A TR A RS i il = 58— bR, iR
ST O SRR TR R, DU R 5 SR
B T R 25 A BT HPV T ] I BIF 5 it
fEF

16 STk = ¥

ESE: MSILRHIMRERY | FARHIE
FRIE 2l Rigidk: 2530 B S ik ; i
Brok . ZHLAKE; FE: Z5CITRA
OIS, W ERAR R AT B MR T R
I R, $RAL T IR A Ll UL
IR
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