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[Abstract] Objective To assess the causal association between specific oral microbiota and the risk of oral leuko-
plakia (OLK) using a Mendelian randomization (MR) approach, and to elucidate the potential mediating role of immune
cells. Methods Summary statistics from genome-wide association studies (GWAS) of the oral microbiome, GWAS data

for immune cell phenotypes, and GWAS summary statistics for OLK from FinnGen were used. The inverse variance
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weighted (IVW) method was adopted as the primary approach, and it was supplemented by MR Egger regression, simple
mode, weighted median, and weighted mode methods for additional analyses, to investigate the causal relationship be-
tween 3 117 types of tongue coating and salivary microbiota, as well as 731 immune cell traits, and OLK. Furthermore,
a two-step MR approach was applied to explore the potential mediating role of immune cells in the association between
oral microbiota and OLK. Results [VW analysis revealed causal associations between 15 oral microbial genera and
OLK. Among these, Sireptococcus, Neisseria, and Catonella were associated with a reduced risk of OLK, with Fusobacte-
rium showing the most significant protective effect (OR = 0.41, P = 0.023). In contrast, genera, including Microbacte-
rium, Campylobacter, and Haemophilus_A, were linked to an increased risk of OLK, with Lancefieldella exhibiting the
strongest risk effect (OR = 2.66, P = 0.006). Eleven immune cell phenotypes with potential causal associations with
OLK were identified, including four protective and seven risk-increasing factors. Mediation analysis further identified
four key mediating pathways: pathogenic genera, particularly Campylobacter_A and Lancefieldella, may promote the de-
velopment and progression of OLK by upregulating highly activated pro-inflammatory immune subsets such as activated
monocytes, B cells, and myeloid cells. Conversely, the potentially protective genus Catonella appeared to exert inhibi-
tory effects on OLK by significantly downregulating dendritic cell subsets. Conclusion This study is the first to re-
veal, at the genetic level, causal pathways through which specific oral microbial genera influence the risk of OLK by
mediating immune cell responses. These findings provide novel insights into the immunopathological mechanisms un-
derlying OLK and offer potential targets for intervention strategies aimed at modulating specific microbial genera or im-
mune cell subsets.
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Figure 2 Causal effects of oral microbiota and immune cells on oral leukoplakia: a forest plot
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Figure 3 Scatter plots of Mendelian randomization analyses for the effects of different oral microbiota on oral leukoplakia

&3

A TR 1T R A X 11 M 1 R 4 o 7

| S/ A Sy

IR BEHILAE 70 B 1 12

AR T — B 2R 40 i W #F (HLA-DR on
CD33"" HLA-DR® CD11b") i 7K F- (B (A)=-0.435) ,
17 12 40 B A B J2& OLK 19 XUBS: PN R (B (B)=0.208) ,
I PR AR R T A DR RN 19 12.99% (£ 1) o

3 W

N2 i A7 AE R 700 R 9, B A1) 12
B T o8 1 RS R RO s Bk B AR R A, 5 4
F IR RS2 s A A . SR, AS [R5
OLK #H JC 15 2E W B V& 1 4 38 AN ISR [R], ) b %
R 25 R AE 1T 50U 1 53 KT 850 S A 2
(RS B %5 o Ganly 551 BIF ST & B0, W X R
—OLK—O0SCC” [ J¥ 41 , 7F J& $500 & an 242 42 41

PR IR B N S B IR TR A T R T W
AR B a0 R RE TR 1) K BE Bk T 0 A T e D
Gopinath % " [ WF 58 & B, £ OLK AR 18 1T £

JEE I, T JE BE B 1] S B e b o X S92 S 2 E
UITTRE R RA T A 3 SRR DS

BR M B X DY 2 AR ) BT IX 43 o Herreros-Pomares
SEUR BRI GE OLK 1 & A FUR JIE A Bl & 22 Bl i 76 L
Jﬁ%lz—sl WOBFT B 2 L AE B I

J& AT R R Y A BETE T 50 i 48 R
TOLKEI’JZQE'?IEI%*» SR AR OG, SR
A JEERE BT A2 B T R, DA S R A TR v ] 3
RN R NN ORI N = I S T 3
B



AfEgmkiie 20265628 $£34% $28
Journal of Prevention and Treatment for Stomatological Diseases, Feb. 2026,Vol.34 No.2 https://www.kqjbfz.com  + 135 -

Burkholddriales Camplylobdcter_A hlkenelﬁ_?pg 36348475
_mgs_.
Actinjobacleriota Aeropoccdceae | |
Campylobag¢terales Unclassified_mgs_1025
Hacill
Campylobgcte . . Cutonela Unclassified_mgs_1075
Corigbact obiageae
Unelassified_mgs_1337
nterobac{erales Campylpbacterac Efkenella Unclassified_mgs_1418
Campylobagteria elotr] lotri o Fusqbactdrium ['nclassi ied_fngs_1428 OR
Fifmicytes Fusopactepiales pcterfacea Unclassified_mgs_1617 I2-5
. Gragulicdtella 20
Clostridia Unclassified_fugs 1751 "
’ Lachnosprales ospifaceae aemophifus_A"  Unclassified_mngs_1836 1.0
ied_mgs_1876 0.5
bac — efielflella
seriafeae nclassified_mgs_2013
Fusdbactdriia urellaceae bact Unclassified_mgs_2430
Lactpbaciflales
Fusgbacteriota . nclassified_mngs_2479
Gammaprotepbacteria cocdaceae Strdvtococeus
lassified_mgs_2641
Prot¢obacleria
Negdtivicfites Veillonellales nelljceae Vejllonglla U ied_fgs_2844
Phylum Class Order Family Genus Species
Level

Red indicates risk factors, while blue represents protective factors. A deeper color corresponds to a more significant odds ratio (OR) value

Figure 4 Sankey diagram of the correlation between oral microbiota and oral leukoplakia at the phylum, class, order, family,

genus, and species levels

4 HEERTEN-9-H-B-J8 Rk P E 5 0 H B0 00 AH DG AL E

BEAERIFSE 22 b 2K 168 rRNA U 7 45 A 1 955 191)
X REOT ST, PR 9T 1 I R S OLK I AH G HE . A BF
I8 IR I T RUREAR MR 438, R HE 5 OLK 2 AT 7
FERIR R 15 e i AE . b aE sk | A8
BB R FETA A 4 A OLK A PR 4 [ R L X
— 255 Z USRI 0 B — B ) T v
S5 BR T R 100 4% 35K 7 7E OLK 1 OSCC H 3 19 11 JP 3R
B AR T R B ALY R £ O s AR T
R BER RS A, e A A A TR
Az 4 TR ORI AR A S DA T A ) 22 A B0 R 2R
KSR B0 R N & e Rr 0 B e Y
SRR A B, T R H A B A A FLIR Ik H AR
bR 1R 45 J 4 R 0 R, DA T 901 7Y JR 35 pHL (A, 4k
Fr O A SRED L 4/ TR S iR B
MAT B A JE K 2% 0 3 7R 758 EG B T %) 40 B o ol
OLK (1) RURS: M 2 o B 15 19 B0 2, 3 S8 20 1R 34
ELEN A TR BOR T . B B 95 78 OLK g kb o M
FEAS R I BT 28 S BOm L R R T L E
M. Sihws Basshtme] = NE R, 5

K SRR AE I, PR A O R e T OLK A i)
B R4 HLnT B AR Bh A SE M S IR —TE
FEHE 7R T AE OLK g kb Z2 FloFTF 581 8 10 Al vl
2 TR JE 1) AR 9 TR 2 2R A T T TR BB 1% 0 b 11 4
JitLBE 25 AN 22 0, S0 i o G AN i K A gk R
T I, DTS ) Sy R A R A T AN, TRAT
25T A SRR A G P R BB R OLK 1)
DRV 3 H e

Ok i 22 1) TE % 2 B, f 8 SO B E OLK 1)
T A7 AE K 18] OSCC Mk 5 fh o  vp & 4% 25 ¢
EH . Hip, BLFOXP3 ., CD25hi K2 CD39 25 s
F I8 15 PR T 20 B (Treg) 76 =5 KUBS: OLK % 22 I 3%
A LR N AN 0 A U R e 2 1 o] 2R T
IE A, AR IR Treg S A0 50 28 f 928 0k 3% 114) O it
RV AE . OLK J k% A CD8* A1 CDA*T 41 il K
TR (H Kk 40 i BE s T R e A (3] an
HLA-DR .CD38 .Ki-67 %) , X ik M il #4 5Z {& (PD-
1.LAG-3 . TIM-3.,CD39 &5 ) , i Fft I £7 (1) 25 5 784
Al REFE 7, B Al Y A0 R T O R DL AR IR A R



M BE s B ia

202652 H34%E F2M

* 136 +  Journal of Prevention and Treatment for Stomatological Diseases, Feb. 2026,Vol.34 No.2  https://www.kqjbfz.com
v 2.0 4 0.6
] ) g ﬁ f 0.4 . IS *
= (==t <15 S )| = 03
> PR g g I ry S 1! .
5 < 1.0 ¢ et > = 3
:o ! g gy < 00T
z = 2 o : S oa 1
. — — .
5 Z 004 204 o Z-03
N -4 7
0.5 1.0 0 1 2 3 4 03 06 09 0 1 2 3 4
SNP effect on BAFF-R on CD20~ SNP effect on CD25 on CD4 SNP effect on CD28~ CD25™" SNP effect on CD45 on CD33~
Treg CD8"% CD8™ HLA-DR*
075 > 1.00
S o 0 =
> 0.50 | < I 075 | < 05 |
2 . 2 05 ¢ : = B
‘g 0.25 oy / £ . EOSO g o ®
g / -g ! & . £ 00 -
o 0.00 =a % £ 0.0 | 2 0.25 & VYT
% I S: 3 o —1 Z o« o & 1
-0.25 = . S L 0.00=% . % T
n -0.5 ' )
-0.5
0 04 0.6 00 05 1.0 1.5 2.0 01 02 03 04 00 05 10 1.5 20
SNP effect on CD62L" HLA-DR™  SNP effect on CD62L plasmacytoid SNP effect on DP (CD4* SNP effect on HLA-DR*
monocyte AC DC% DC CD8% T cell CD8"% T cell
« 05 1.0 L5
S t M 510
= 4wl — 3 05 S : MR Test
s 0.0 e | g * g 05 1 /Inverse variance weighted
% o E O'O*';%"\ T 0.0-s5a ! /MR Egger
Z s } £ . .' = & -ﬁ\ Simple mode
7 % -0.5 & -05 e /Weighted median
0 _10 10 Weighted mode
0 1 2 3 05 1.0 15 20 0.5 1.0 1.5

SNP effect on HLA-DR on CD33""
HLA-DR* CD11b*

SNP effect on HLA-DR on DC

SNP: single nucleotide polymorphism; OLK: oral leukoplakia
Figure 5 Scatter plots of Mendelian randomization analyses for the

kia

SNP effect on TD CD4"% CD4*

effects of different immune cell phenotypes on oral leukopla-

B 5 AN 7] G 20 2 0 X 1 Jk 1 3R )l P K BEATL A 20 B B P
F U P AHMAE T TR B DI Hh Y P A 200
Table 1  Mediating effect of immune cells in the association between oral microbiota and oral leukoplakia
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