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[ Abstract] Periodontitis is a chronic oral inflammatory disease with a high incidence in the global population.
Periodontal pathogens can colonize and infect multiple human tissues and organs through blood transmission, which is
an important risk factor of many systemic diseases. Recently, the correlation between periodontitis and adverse pregnancy
outcomes (APOs) has attracted growing research interest. Herein, we systematically reviewed the research progress in the
relationship between periodontitis and APOs and summarized reported findings on the pathways and mechanisms by
which periodontitis contributes to APOs. We also clarified that intrauterine infection caused by oral pathogens
transmitted through blood is an important pathway by which periodontitis interferes with pregnancy. In addition, further
research focused on the discovery of more APOs-related oral pathogenic bacteria and their virulence factors, analysis of
the interaction between pathogenic bacteria and placental tissue, and pathogenic pathways of oral bacterial invasion of the
fetus will promote thorough analysis of the specific molecular mechanism of how periodontitis affects APOs.
Furthermore, the validation of the results of human population-based studies through animal/cell experiments and the
translation into effective intervention strategies are of great clinical significance to the prevention and control of the

occurrence and development of APOs.
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Pathogenic bacteria of
periodontitis and their
virulence factors

Intrauterine infection caused by pathogens
ascending from reproductive tract

Heterotopic colonization of uterus by
periodontal pathogens from oral cavity

Imbalance of intrauterine inflammatory
response caused by proinflammatory agents

Invasion of pathogenic

bacteria

Recruiting
Maternal liver responds to proinflammatory promam.matory
cytokines to synthesize CRP cytokines

Intrauterine infection
« Activating TLR4 down stream pathway (e.g., Fn and Cr)
« Activating TLR2 down stream pathway (e.g., Pg)
« Inhibiting the expression of genes related to growth and

Elevate plasma CRP level

Intrauterine inflammation

« Increasing the expression of PGE2 and certain inflammatory
factor such as IL-1p, IL-6, and TNF-a
« Increasing the activities of Th1 and Th17 and decreasing

development (e.g., Cr)
« Inducing apoptosis (e.g., Pg)
« Inhibiting material exchange between mother and fetus

(e.g., Cr)
|

those of Th2 and Treg
« Causing uterine contraction or premature rupture of
membranes

Placenta-fetal tissue (including chorionic cavity, chorion, amniotic fluid, placenta, umbilical cord, etc.)
suffers ectopic infection and/or tissue damage

APOs (including fetal resorption, abortion, premature delivery, growth retardation, pre eclampsia,
perinatal death or injury, low birth weight, etc.) occur

B 1 FERRFHAPOsHIBRZEZE S ERANH

Fig 1 Pathogenic pathway and mechanism of periodontitis promoting APOs

Fn: Fusobacterium nucleatums; Cr: Campylobacter rectus; Pg: Porphyromonas gingivalis; CRP: C-reactive protein; TLR: toll-like receptor; PGE2: prostaglandin E2; IL:

interleukin; TNF: tumor necrosis factor; Th: T helper; Treg: T regulatory; APOs: adverse pregnancy outcomes.
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Table1 Summary of research reports on the heterotopic colonization of periodontal pathogens from oral cavity to uterus

Experimental method

Conclusion and importance

. . 41, 50,
Animal experiment*"** %’

Confirming the possibility that periodontal pathogens (e.g. Fn, Gr, and Pg) could cause intrauterine infection

via blood circulation, and then lead to APOs

. . 45,
Animal experiment****

Confirming that specific virulence factors (e.g. FadA and Fap2 of Fn and gingipains of Pg) play a key role in

the process of APOs caused by periodontal pathogens and these virulence factors are potential targets for

Cell experiment and animal experiment[%] clinical intervention

Tissue microarray analysis and animal
. 47,
experlment[ !

. . 48, 52, 58-60
Animal experiment' !

Suggesting that the inflammatory imbalance caused by periodontal pathogens via intrauterine infection is an

significant factor inducing APOs

Animal experiment'”

Suggesting that the intrauterine infection caused by periodontal pathogens via blood circulation hampers the

material exchange between the mother and the fetus. The damage affects not only pregnancy, but also
offspring growth and development in the perinatal period

Animal experiment[s}m

the epigenetic level)

Indicating that periodontal pathogens can cause APOs by inhibiting the expression of specific genes (e.g. at

Cell experiment[m'é”

Suggesting that periodontal pathogens can promote APOs by inducing apoptosis

The abbreviations are explained in the footnote to Fig 1.
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— 4B R 3% 5 IR S IL- 107K - B RE AR LA S TNF-a,
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JE Yk PgRENE 175 52 A/ N B R 7 AV A A B,
— o AT R BRI L3 AR 2 4 A Il TNF-a, IL-17,
IL-6FIIL-1BAY7K-F- i 2 Fh s, H/NRUIG SR I Tz iy
S RS FR IR B, G5 A Ak 43 B A D 3] Pg A it 4 v
. INABAZEHIRENAE V35I| I g T Pgld e N2 B
W FE A R HTR-8/Svneo UM 5E , & P Pgnl i i i i
ERK1/2. p38FITNKAF 538 H17 5 40 A T A G LA BH
& T 755 HTR-8/Svneo il il 73 W 4L Hl §-IL-8 FIIFN-y
ZF AR I e Pgit 2 8E SN, A 18 2 A 4H
AR AHLE IR, JF5 AR R 8 | W i T
PLRMALER | EERAGE T B ARG K™, TAKIISH
M 2K S Pt 52 7 )N RS BUTIE S P oF i A 11 il 2L
AL APOSIAE F; 5 P AR BUAH 1L, 2 2R 1 A SR A 1)
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i, A ER I RE YT AT 11 i Pl L r i L
FET-FE™, IR R K Pl g [ (Y IFN-y Il . B
WAL TR BB L, MEH A2 F HBURTE S
APOSIHIC R BRI, AN oL Ao b=k i 1
3.2 RENFSI %R E R KAE R K&

SRR E], B B 56 KA B9 I N 2 B A
5, DLAESPRS 4 00 S e R 28, DA B 1k #5717 50 7 DNARY
N6 L5 SRR A7 A G S HE T, A R A BT 1 Jmy 486 2%
TR, BT | K AAE SAH, 3 RLAPOS™
BURH BN N EE R TS E B e 1, 5 E
A F A R A BT PGE238 A% B B i 51 i 2 K7 7t
R, R ECE BUS . T E WCHR FIIG IR, BN i B
T B JRUBSS o

YRR T TR EURIRR I R IR (2) .
{2, COLLINSSE " i 1 22 iy F1 22 v 1 40 BRUBE AL,
[k 5§ PgiX Escherichia colif] g Z B4 (lipopolysaccharide,
LPS) it b M Jif R LS TR, AR & A= 1) E 451N
PR ELPSHI AR . TR LT IR RS AY S0
ik 3 55 Pg- LPSHE i ¥ K B Ay ie i R R i J L s frg RS
A AR TR L B AR BT, (EJF A 5 DR E R
B B AT SN, TEAR 228 K R I WL 8¢ 51 Pg- LPS 1Y
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Table 2 Summary of research reports on the imbalance of intrauterine inflammatory response caused by proinflammatory agents

Experimental method

Conclusion and importance

Cell experimentlss' )

Animal experimentm

Suggest that LPS of periodontal pathogens can increase the risk of APOs by causing imbalance of intrauterine inflammation

Animal experimentm]

Suggest that LPS of periodontal pathogens has a specific toxic effect on pregnancy

LPS: lipopolysaccharide; APOs: adverse pregnancy outcomes.
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OR)H1.97, 95% & {7 X [i] (confidence interval, CI):
1.14 ~ 3.39) [ AIRIT IR II15% (7= 5 2 H 7= OR N
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