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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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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
[ 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 HeLa 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 ~ HeLa 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-xB
HPV16) signaling pathway, while
enhance the production of IFN-y
Lactobacillus crispatus Cell-free SiHa cells Antitumor effect ~ Silence ARHGAPS 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
(F548)

>4 actamicro@im.ac.cn, 7 010-64807516
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[E=3))
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

35 females with
HPV cervical
infection

Lactobacillus crispatus Freeze-dried

M247 cell-free

supernatant

Lactobacillus rhamnosus Freeze-dried 117 females

BMX54 bacteria with bacterial
vaginosis or
vaginal
inflammation
accompanied by

HPYV infection

160 females
with HPV
cervical

Cell-free
supernatant

Lactobacillus crispatus
M247

infection

Probiotic 54 women with
drink low-grade HPV-
infection

Lactobacillus casei Shirota

mucosal barrier

Mucosal barrier
enhancement

Mucosal barrier
enhancement

Antitumor effect

Mucosal barrier
enhancement and
anti-inflammatory
effects

TLR-2, and downregulate TLR-4

enhancement

Enhance probiotic colonization  [60]
and encode fibronectin type 111
domain-containing proteins and
N-terminal fibronectin-binding

protein A

Inhibit colonization of pathogens [61]
and improve the vaginal
environment

Release hydrogen peroxide, [62]
lactic acid, and bacteriocins to

regulate mucosal inflammation

and control celluar proliferation/
apoptosis

Reconstruct vaginal microbiota,  [63]
directly kill pathogens, compete

for host cell receptors, and

interfere with the gene

expression of pathogens
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s AR H FRRERE T, AT IR BT DL
B HPV JEe i) H A58

Tlhan ST RFF 78 R A 1 25 A8 R0 H 88 i 1
(52, BB o FLAT TR B AR BE A% 1 U4 I B2 4
MIrh B R Rk, IR FH1E X HPV [

MIRFAERE T o BR THURAK, 25 2E PR E BRI T
R4, #m EE R, Mokrozub
SESI R R, 55 AR B G i P 5 2 e 2 4N i
TR R A AR 3 T 2 AR A B v
B2 SR X HPV B9 9028 S0 . Dellino 2562
X 160 44 %Y T HPV ik % W 0 i AT i o8 &
B, HRAT 0 FUAT B M247 ] i 2 [ 18
HHPV I BRI B4R T o — 2 s dE
M247 RERGYH 19 il 0 RS AAE S L, HE T
O AR 240 e S S AN PR T
3.2.1 EBHANREN R RSB
T 3 X i BT 1 e g5 WA 5 B e T BIL
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PR ER HPV A 2 F-Be, 1 HPV el i,
i BERERE IR S e R GERY AL, JF rh A S0 g A i
MIRDITER, SEBlfepeiki . WE5Edail, HE
(254 TR RE A IR LA Y S WAL, 38T NK 4
MR A ERT, > HPV i #E7EAR N 1Y 52
2%, Nanno %5 % B84 KA & A T B FLES FT
i (Lacticaseibacillus casei, LeS) 1 %% B L 7] DAYK
52 NK 4 37 PR A 0 52 380 1 NK 20 i 35
#E1, Abdolalipour SR UL B, #HIKTE
S BT R 9 IS U A T T A R N BRATC R
T gE S IE AN 2R3k T HPV16 AL i B K
[ i 968 /0 B IO S0 A= T S RS 1 T 38
T IR RS S TL-12 0 IFN=y (7= L (ki e
20t 8 DA R 5 CDS A I I N, AT
PEMI AR BRI AR 1, X SEMBE AR R, #
Ui S i A1 TR R O O A T S RGP A
ROTH:

WAk, g AE 0 RE 4 9 BT 5 S A0
JeH I
B SR I (dendritic cells, DCs), 33X XF T i3 sh%f
X HPV 3 WA S0 S B 28 O 2 AR 2R A
MREAE R ORI 236 HPV BURZE T 400, M
SRR e i Y Shi UGBS WoR, 2
A T Y AP FEAR E TR SR A Y SR
MITEEO HPV 14 558 R Y S0 S o 7E Gao
SRR, RS RFLAT I LGVO3 3 i i
IRF3 {5 il 4 3 1 2R JURH FR[Poly(1:C) )i 5
FAL R B A, AT NF-«B {5 508 %
WA T Poly(I:C)ifs T HIAZ R AT BT AR, ix 4k
SERAE7R LGV03 AT YRR A R G20
TR RT L DT B i S5 b el /L B8 55 K 1 o
T M. Abdolalipour 45°77E — 558 1 T ik FLAT
PR TD-2 35 G 4 i - 1 1 240 i 42 7% R 8 1 5
(granulocyte-macrophage colony-stimulating factor,

GM-CSF) i 35 S8 /) BR e 922 7 24 i i 5 vh

(antigen-presenting cells, APCs) [ 2] BE ,

P4 actamicro@im.ac.cn, 7% 010-64807516

M, TEFLFFE TD-2 BEfSH T/ INRA N TFN-a.,
IL-4 Fl IL-12 AY7KF-, o il AR il e S et
iR e s, IR AR K . Jacouton 508
MR, TREFLFT# BL23 ML I/ B
i KOF IL-2 7 A, IR E NK 20 R 38 a
£, M8/ HPV 525 14 52 1) S g i A
322 BBERERM

e E W E AR EE, A BT HPV &
YL T 5| B RAE N o AT RE A% I8 4% 241 if
774, W E 4 2R -6 (IL-6) Rl 4 L 4
-8 (IL-8), M ER 9 AE G FH H-0s > AH S 21 21
WAEH, i, Jacouton ZEUM AR SE W, K
Tl FLFF R BL23 FH T B HPVI16 /NS
BL23 /Y7 i 3 FEAK T8 S 2 IL-6 1K,
BoR M HBRVEM ., Giralt £V LI, T
fi% FLFT 1 DN-114 001 fEfE7E SR I/ TL-8 Ay
B, FEREN TL-10 AYREHL . X EEFoE 30,
#5245 B AE HPV R 35 855 o B A k% R E 1Y
w1,

BLAh, 25 AR TR AR A A E BT 2 A I T 1Y
A, W IL-10 1 TGF-B, XA Bh T4k o fa
A, JFRRE R S AE R T, Petrof 2T
FWR, AT 45 LR A i A gk 4
MR A, RIEF SR T IL-10 B4, I
fEE THRIABEHIIE L. Di Pierro 57 1 53
FW, BFUAT B M247 BERSH D 1L-8 AR .
Chen 25 2B, K EEFLFF B XIC60 HATFE
11 B2 B4 At TL-6 A1 IL-18 AKSFIIPEH, RESAR
UMb 7 i B2 R RS 9 0 o X BB GE R, 25
Az B 3 o R T AR 8 RN 4% 4 B R 22 i) A S Aty
VAT HPE N, AR S HPV B YL
KM IAE

2 A I R PR MUK AR AE OV, X HPV &
PR ERR A EENE L BERIETTRESE
W — AR T HPV FRE2f e R R I AEE, M



EEHE F | MY, 2025, 65(2)

447

TR IR AR S | ISR R R 55 HPV A
SR AU
3.3 ERFIERFEINAE

T A= TR o 22 FhAIL ) X 7 B R e AR A
S, BE, f A RRas I e R A i Y 5
Bk, T2 RO BUR AR R BB R, e AR
B9 B2 25 1 (U0 Occludin A1 Claudins) A9 #2 ik ,
TEYER I K7 40 6 57 14 R0 B4 05 DA 4= A D7 T
K HEVE TS, BN, Mastromarino )
IR 2R B, FLIR b6 JE 41 B Be % 4 o 1 I
A B R L R Rk, DT R b T R
BT BE, FEAK HPV B KUK . 7E Vemuri 450
myeEgE e, S A/ BUR FE RS TR FLAT
(Lactobacillus acidophilus) DDS-1 1] L) 24 3% iz 18
FilEhr D) fe, BRI BB ENNER
IRBEIRN B A I B B B . Li SRS R B
IOWE KT IM96 HAAIE I FEE G RE Ty, JF
FIE P& = 26 15 4 ff (W] 55 %% 3% 4% 5 1 Occludin 1
MUC-2 (I X2 Bk — 250 T 4
A TR R AL RS R B D fig L S T Bl HPV JE Jy
AT T -

W 184 5 ) 2L R A0, i3 A TR B O e
TR, A BT AR R R . EAT
AT Py IR CAn B A 2= AT O R 2E, 3X
SEfRXHEL4E HPV 7E N B9 I A A T i e i T
PESA Al AR RIS RE TR BRI A W, A
R R HE BRI BRI
B 43, SR AR R e ) T BB F
FRY, MW LA SEWERERL, JF
PETH 5 P AN Fp R A = A

T A RO 286 FEE 5 5 ) E %) 18 15 X T HPV J%
P A R X R H S8R 1) 26 B BE E BR A
BH 1 HPV $EAFFAERE A S0 el , 1 B AR
J Y RV I 0 R 1) IXURS: o Ao 5 R R B R
25 45 T AT BE b HKAE HPV % L $1E 4L %5 A1 1) PR B

R,
3.4 FTPRERESIME

TEXT HPV BIWT5E R, BLERUERSE &
THENZ G . DRFEaR i, BESeREE b JE iy
AWy, MFLFFRE A, SRR PE R L
Lo HPV 35 22 JE e ey 25T 57 100 3 A IAURS: [ AR A
K FLERATRIBR 1 R AL — P O 4 1k i) 4y 2% B
Hb, P AFLR . S A E A A BT A
[T, DA v 7R s I AR (A0 4 HPV) By AR A
T

ZUIFARR T IHEMEY RS 5 HPV &
PeZ MIMSEHR o Gao S5V o wiy s 1 BA S WF 52
KB, LR NEUT B OCHSE S LA ) A R
JER I, R HPV A XU A A (s
2, AU R s A T A s A R e
HPV YL XU S IAH DG . Chen 257000 HI K B
BN Sy 1 — B T R G R A B, DLAESE
[H i& & #% 1 (vaginal microbiome transplant, VMT)
XA B RIOCR AT DA A i P A R A B 1
RO IR N AR RE, 4R oK, VMT
RENS 0 25 D vh 2 11 5 | R B 1 B BESRAE L Ik
DB AR 28 40 I IR TL-1B il TNFa (9L
I TTAE 52 e 9 B3 18 A A1 e v 40k 52 381) 1 7K
. BBk, Mhatre ZEESIFF T — 300 3 A B AE £
HEZSXT HPV 3522 B F1E S5 B0 A 52 W) (4 2
WESE, X —H L AT TR ER A A, &
IR P LA T B 5 v 1Y P T i B 75 ) HPV
RS R ey B U B A AUy s A,
LA BB R 2ot H HPV 2L R A
BTSSR A A KU AT A . di Pierro U
W RW, 76 35 4 HPV PIdEZ il vk, &
i 90 d F e i FLAT I M247 J5, X1 4 &tk
AIBERCE YRR P FLAT R D, HR 33 4
AR B E A R LAFLIR I (CST D £, 75
A 12 PE R E AR R LU TR FLAT
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(CSTHN)ME; IR0 A G, 25 Z&H(71%)
() 5 f& AL HPV FIICAE B HPV A6 25 52 B 4
1M 10 4% 20 7E(29%) i HR-DNA £ 475 5% BA 1
A —J7 1, Edelman 25 0B, KT
— o BE T XS I A 04 il FLFF R R ST,
Z W bR B 0% 4 W FLAT T B B R (late
embryogenesis abundant proteins, LEA), 5 A B
bR AN A, DT 7L R B 2 e B A 2
J b, 1 e B 9 B S R . X S E
LR BN, BHIEE Y RE 1 2 AT 5
HPV gy (16 JXURS: 1 E i 22 () 47 78 25 U B DG BK
FLIRRFF TR 5 A 22 1 A AEAE A B T 245 ] 20 ft e
B, il HPV AURREeEdy, IR0 e 55 A
A 1 R R XU

it — DAY T X SO T A W B AH EAE FHAIL A
JFRZR T T AR IR 1940 HPV MG T
P, WA, HFLATE M247 751 ke
A 25 ), A 1 B AE 2 20 R B 0 R0
di Pierro Z5HF5% & L, M247 BEA% 4 WAL B 2 (ln
elveticins, penocin)Fl 2 FE 2, B H A A
TR AS D, FE, Du SWF5E A&
B, KAUEFFEE 020402 GBS A —Fih B B0 s
i FEEE 11 020402 LYZ M1, %25 (1 HA FATHL
RGBSR E P, X SeRFsT e IESL, %
A= T RE A% 38 3 I T R R R AR A, T A
YL HPV IR

4 REH5FRZE

HPV J&—F g Fil i M AL #% 1) DNA ¥
B, RS RIB RIEE . HPV B I EOR L
IR R, . e ki | RRSREYL . AR
EAYNE ISk e AN 7 T N 7 S N 1 S
P T 25 1Y 2 7 HPV B2 80 i B %
Z— MATHEPIE R, %5 HPV 7EiR L B
KA ST P s RGERR, WISTE g Mgy
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AT RE A R ONJRRAE , I T MEREHT R . I,
T A BT RLA P R LA 45 HPV R
e, XT R EIZRRERATIG, . T PR
K- BA
FUAT,  HAR A £ A R T B eS8 X
HPV RO HA —EMyr i, whogdaih, fEW
Al EARPUR T L BRI . R ARE |
FE SR H ISR B BESE Z R HILA], X HPV e ™
A BRI, fE HPV e, f5 AR A T
R A GRBE AR, R B 4 2 T TR BR E S
R S A i 3 BB T IR S B B B 1 T 1Y
A7, MR/ HPV SRR A il Rhebgh
A TR T R I RE SR AL LR B S LI RE L IS
NK A& O, dEmim &l HPV ik 2 7 4
PRSI TR, 65 A AT BT A% 20 A
TR, dERp e ta s, JRRREI I B AR
W A o BRIEZ AN, g AR e a4 5 B T
AT, BERSA AU HPV BRrs Ry, B
EHUR RN KRR, SR, H AT HPV 5¢
R T OB B B SR AR IE A+ BB, 0
HPV Ji REBURL T (5 D sh W) sliB R A H , &Pl
ASFUF [A] A R o PRI, R IE T E— 20
PR3 8 HPV Pl g MR faf 6 7k . BRI T
i e HPV g A= T ARSI i k= S8 — b fiE, ik
VU SE A e WA &, DAy Jm 2205
& WL HUOT R 45 A2 T HPV 7 ) B B9F 52 2 3t
TR

16 STk =

ESE: MBS HIMREREY | FARHIE
KRRl Rigidk: 2530 B S ik ;
Wrok . ZHLAKT; FE: Z5CINTEA
AT AITE, M ERAR AR T B MONAN T R
I TR, SO T IR A Ll LR
AL
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