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Role of high-risk HPV and vaginal microbiota interactions in cervical carcinogenesis

SHI Huaxin', TIAN Qin®,REN Jie* (1. Department of Gynecology s Af filiated Hospital of Guizhou Medical
University s Guizhou 550004, China; 2. Department of Gynecology s Clinical Medical College of Guizhou Medical
University) * ™

Objective To investigate the role of the vaginal microbiome in the development and progression of cervical
cancer and its potential mechanisms. Methods 40 healthy controls,40 HPV-infected controls,35 CIN controls.and 35
cervical cancer controls were enrolled. 16S rRNA sequencing was used to analyze the composition and diversity of the
vaginal microbiome. Vaginal microenvironmental markers (pH. lactate concentration,and Nugent score) ,inflammatory
factors (IL-1B3,IL-6, TNF-a, and IL.-10), epithelial barrier proteins (claudin-1 and occludin), and HPV E6/E7 mRNA
expression levels were measured. In vitro functional validation was performed by co-culturing Lactobacillus crispatus and
Gardnerella with Hel.a cells.  Results With disease progression, the a-diversity of the vaginal microbiome increased
significantly (P<C0. 01). The abundance of Lactobacillus decreased from 74.85% to 19. 87% , while the abundance of
Gardnerella increased from 2. 14 % to 24.35% (both P<C0.01). Vaginal pH increased from 4. 18 +0. 29 to 6. 28+0. 39,
and lactate concentration decreased from 179. 45 mg/L to 44. 67 mg/L,a decrease of 75.08% (both P<C0.01). Levels of
the proinflammatory cytokine I11-6 increased 8. 85-fold, while the anti-inflammatory cytokine I11.-10 decreased 70. 98%
(both P<C0.01). Epithelial barrier proteins claudin-1 and occludin decreased by 71.05% and 70. 56 % ,respectively (both
P<C0.01). Correlation analysis showed that Lactobacillus abundance was significantly negatively correlated with HPV
load and inflammatory factors (» =-0. 721 to -0. 834,all P<C0.01). Multivariate logistic regression analysis revealed that
a Gardnerella abundance >15% (OR = 4.23,95% CI:2.15-8. 32),a Lactobacillus abundance <<30% (OR = 3.78,
95% CI:1.89-7.56) ,and 1L.-6 >>100 pg/mL (OR = 2.94,95% CI.1.52-5. 68) were independent risk factors for CIN/
cervical cancer. In vitro experiments demonstrated that L. crispatus inhibited Hel.a cell proliferation,while Gardnerella

promoted cell proliferation and activated the TLR4/NF-«B signaling pathway. Conclusion Vaginal dysbiosis
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synergistically promotes the development and progression of cervical cancer through multiple pathways, including

remodeling the local microenvironment, inducing chronic inflammation, and disrupting the epithelial barrier. The

composition of the vaginal microbiota may serve as a biomarker for assessing the risk of disease progression.
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Table 2 HPYV infection status and cytological examination results

R IRA HPVERA  CIN4 HRRA

v B
fhi =l =) =% ey Stk PH
HPV 2%
PVfEM 0.00 100. 00 100. 00 100. 00
%)
HPV16/18 . . . 2
B (%) 0.00 32,50 51.43 .14 17=15.832 <0.01
HPV # 2.45 4,28 8,15
=987
(08 Mk ! (158-4.12)  (2.89-6.75)  (5.67-12,34) o165 <0.01
ER/KHE 400100000 40100.00)  0(0.00) 0(0.00)
ASC-US 0(0.00) 0(0.00) 5(14.29) 0(0.00)
LSIL 0(0.00) 0(0.00) 18(51.43) 0(0.00)
HSIL 0(0.00) 0(0.00) 12(34.29)  15(42.86)
BEW M 0(0.00) 0(0.00) 0(0.00) 20(57.14)
p16/Ki-67 Bk
MR (%) - - 68,57 94,29 r*=g.912 <0.01
91.43%
75 " 71.43%
gxo
] g
g g g
2 z <
- 2
#5 a
o 0
0\@ @ff"& é\'& 0@ Y\q@ﬁ %@"& CINSE BRSE
A B C

HPvs A [l veviens [l nemem

A FY HPVHEESAILE B &4 HPV16/18 /ML C
CIN £ F1E S 4 p16/Ki-67 BUE Y (0 B 5 Lo 5
1 HPV BERARAE S 47
Fig.1 Analysis of HPV infection characteristics
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Table 3 Comparison of a-diversity index of vaginal microbiome
[EABA HPVEEE N4 EHEA

SRR (n=40) (n=10) (n=35) (n=3) Fif P
Shannon 60 1194028 1.82£0.41  2.3140,49  2,7820.57 89,342 <0.01
Simpson 640 0.30£0,09  0.51£0.14  0.69£0.16  0.81£0.11 126,785  <0.01
Chaol #41  44.87£7,92 64,23111,85 84671432 104,89417.65 152674 <0.01
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Table 4 Comparison of relative abundance of main bacterial genera
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Fig. 2 Analysis of vaginal microbiome characteristics
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Table 5 Comparison of vaginal microenvironment and inflammatory marker levels
5 {H FERT R4 (n=140) HPV Y4 (n=140) CIN 41 (n=35) B HUEH (n=35) Giittik P
WA S
B138 pH fi 4.18=0.29 4.8240. 41 5.5140.48 6.2840.39 F=267.345 <0.01
FLIR W E (mg/ L) 179.45(145. 67-221. 34) 119.78(89. 23-156. 89) 79.34(58.67-108. 45) 44.67(32.18-61. 89) F=189.567 <0.01
Nugent ¥4 1.0€0.0-2.0) 3.0(1.0-5.0) 6.0(4.0-8.0) 8.0(7.0-9.0) H=125.678 <<0.01
H4E W F (pg/mL)
1L-1B 14.67(11.23-19. 45) 34.89(26. 78-45.67) 84.56(65.34-112. 78) 149.23(118.67-189.45)  F=234.567 <0.01
1L-6 24.78(19.56-32. 45) 59.67(45.23-78.34) 119.45(89. 67-156. 78) 219.34(167.89-278.45)  F=267.890 <0.01
TNF-a 17.89(13.67-23.45) 44.56(34,78-58.67) 94, 78(72. 34-123. 45) 179.67(134.56-234.78)  F=245.678 <0.01
1L-10 84.67(67.89-105. 34) 64.78(49.56-83.45) 44.89(34.67-58.78) 24.56(18.34-32.67) F=156.789 <0.01
5 % H (ng/mL)
Claudin-1 119. 78(95. 67-149. 34) 94.56(72. 34-123. 45) 64.89(49.78-84.67) 34.67(26.89-45.23) F=178.234 <0.01
Occludin 84.56(67.89-105. 23) 67.78(52. 34-88.45) 44, 67(34.56-58.89) 24.89(19.45-32.67) F=145.678 <<0.01
T FhREY
HPV E6/E7TmRNA 0 1. 48(0. 89-2. 34) 4.23(2.78-6.45) 8.56(5.67-12.78) F=189. 456 <0.01
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Fig. 4 Heat map of the correlation between microbial genus
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