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Potential correlation between chronic periodontitis and Parkinson’s disease
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[Abstract] Objective This study aims to investigate possible hub genes, associated pathways, and transcription fac-
tors between chronic periodontitis (CP) and Parkinson’s disease (PD). Methods Gene expression profiles of CP
(GSE16134, GSE23586, and GSE10334) and PD (GSE20141 and GSE49036) were downloaded from the gene expres-
sion omnibus (GEO) database for differential expression analysis and functional clustering analysis. The protein-protein
interaction (PPI) network was constructed, and hub genes were screened by four topological analysis algorithms and
modular segmentation. Functional clustering analysis was performed. The hub genes were validated by external datasets
of CP and PD, and causal relation was further assessed by Mendelian randomization (MR). Results  After merging the
data, 1 211 differentially expressed genes (DEGs) were screened in the CP datasets; of which, 551 were upregulated and
660 were downregulated. A total of 2 407 DEGs were screened in the PD dataset, of which, 1 438 were upregulated and
969 were downregulated. The PPI network included 145 nodes and 126 edges. Four hub genes (FCGR3B, PRF1, IL18,
and CD33) and three transcription factors (HSF1, HSF2, and HSF4) were finally screened. The relevant pathway was pre-
dominantly natural killer (NK) cell-mediated toxic effects. The MR results suggest a possible positive causal relationship
between CP and the risk of developing PD. Conclusion This study indicated the probably shared pathophysiology and
possible causal relationship between CP and PD and may offer novel concepts and therapeutic targets for future mecha-

nistic investigations.
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1 #RMTIE

L1 Bk Is

ML 3£ K 25 4 (gene expression omnibus,
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(£ 1), Hit 609 BikEA, Hrp2F 4K 8 42711,
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Tab 1 Datasets for CP and PD

N il X AFEAR¥y LMDEGHU TIHDEGYU & DEGHU .

B B R, SRTE B B N I N “ llog2FC| P1H

CP GSEl6134  FiR#Z1  GPL570 241 69 310 551 660 1211 >1 <0.05
GSE23586  FUR#HZ4L  GPL570 3 3 6
GSE10334  FUR4HZ41  GPL570 183 64 247

PD  GSE20141 M§i#mi44! GPL570 10 8 18 1438 969 2 407 >1 <0.05
GSE49036  Mi# il GPL570 20 8 28

1.3 IREE 40

FHRIES “clusterProfiler” L% 3¢ X Kyt
fTILAAR (gene ontology, GO) 43#7 Fll 5L #B 3k
S5IHFABER2F (kyoto encyclopedia of genes
and genomes, KEGG) 4r#H7i % & %041, Benja-
mini & Hochberg (BH) #EATHFIE, % P<0.05f
giite e Lo
1.4 HHAMEAEH (protein-protein interaction, P-

PI) M%Hr

i 1 STRING %4 % (https://string-db. org/)
N7 A8 CHE R PPN 2% 73 #1812 JH Cytoscape
(v3.9.1) HAfFatA7nl B4k .
1.5 BOHER R

fii ] Cytoscape fit) CytoHubba i -/ Y 4 Fh 4R 4 b
M B RER P LOPE (maximal clique cen-
trality, MCC) . f K4B34r & (maximum neigh-

borhood component, MNC) ., FE#( (Degree) F1iJ1
%% 155 & (edge percolated component, EPC),
T P A B AT 10 A2 55 o 38 2 MCODE 4 1
FIREHR 53, PRI 53 o B o () 2 S 1AL
W LRSS RS R A ORI, Bk T
OHEE BT RE ' T .
1.6 B S A1y Fn i

K H Cytoscape # A 1 iRegulon 4fi {4 > i I _I-
IRAZ O FE R G S I 6 #E 10k Motifs 2040 1%,
BB & BB E R 3.0, M T (area under
the curve, AUC) B{E}0.03, HEFEIE R 5 000,
PEHE AR fEAL & 4 5320 (normalized enrichment sco-
re, NES) >10 9% s R 44 L 45 I 2%
1.7 AN A S S i g ik

FIH CPEdE4E (GSE173078 FIGSE79705) 4
PD##li4E (GSE20163 F1GSE7621) 43l % ik 41
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Tab 2 Validated datasets
X S

o BURSE BB BR-PE RS RS A%
A COSE

CP GSE173078 “F#R41Z1 GPL10301 12 12 24
GSE79705  “Fi#R4141 GPLI8734 4 4 8

PD GSE20163 [fiBi441 GPL6480 9 8 17
GSE7621 B mAHAL  GPL570 16 9 25
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107 #1 F>10, o B9 B 0.001, T8k FE X (kb)
210 000, MR 43 B J7 % 4145 MR-Egger [l 19 3% |
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OB AT . TA T RIES “TwoSam-
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Tab 3 Basic information of datas

B Gty = Wl X SNP it
CP finn-b-K11_ 4120 195395 16 380 400 BRI
GINGIVITIS
PERIODONTAL
PD finn-b-PD- 267 111 621 16 379 396 TR
DEMENTIA
EXMORE
2 R
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— P RIRHT 3 KEGG & 43l F{ AL 5 Y BL B B
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12RB2. IL18 A TLR2; [AFE, [&2D 3% E %R
HI 9 GO & EL RS IFEE . 2RV,
I B E RN BP M AN (GO: 0045321),
CC L E AWM A M (GO: 0031224),
I 2 AR MF 2 M R 72 R &M (GO: 000-
4896)

PPI 4% 145 177 5126 253k, 45504 Cy-
toscape B AFFEAT AT A4 (& 3A) o i HY A I 10
AL CTLA4, TLR2, FCGR3B, PRF1, IL18,
CD33. IL12RB1., PECAMI1, CD300A FfILILRBI1,
F4WIR T 4FEEERT 10N LK 19154) . MCODE
BRI 55, i (19434 3.600) L4
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FCGR3B 1 CD33, HUAZ4EJ5 15 5 4 %0 FE P oy
FCGR3B. PRF1, ILI8AICD33 (& 3B).

2.3 O HEER BT R I AT

AN ORI T I RE S T, BEE RN
BP A 45 H 40 5% (GO: 0002443) . H4H
MIBTE (GO: 0045321) F s o # (GO:
0002252); CC It & AL MR (GO: 00-
44194) . Zr b EURLE (GO: 0030667) Fl4H i 5
PEULFRIY (GO: 0044433); I & & %0 MF &
RERREH GEE4A (GO: 0019864) . MERREE &
(GO: 0033691) FIZEfLiEZEA (GO: 0022829) .
KEGG il % & i T2 s £ T ARGl
(natural killer cells, NK) 45 040 g 2 1= 1E A
(hsa04650) . 451K (hsa05152) FiAE P 4 LG
(hsa05143) (4. £5).

2.4 B P S0

LA B 7 AT 6 SR AR e SRR IR, M1
M2 7% 1Y IE H b s 4 NES & (15.840 5 All
12.857 5), 4345 HSF1, HSF2 fll HSF4, w]f{& 3
ASBAnFEH (IL18, FCGR3BHIPRF1) ($£6).
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Fig 3 PPI network of cross-talk genes and screened of hub genes
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Tab 4 Scores of top 10 genes in PPI network

E SRS AR MCC MNC Degree EPC
CTLA4 AL TR A& 5 4 109 9 20 28.069
TLR2 Toll FE52 14 2 105 10 22 28.139
FCGR3B Fey Z & b 97 11 24 28.136
PRF1 TR 79 7 16 27.98
IL18 FanfE = 18 56 7 14 27.896
CD33 BN T TR CD33 50 6 12 27.679
IL12RBI 4 M A 3R 12 2K 5 B 30 5 14 27.2

PECAMI L /NAR AN P9 B2 44 L B 437 1 28 5 16 27.321
CD300A CD300 HUJEFE SR AR A 17 6 14 27.34
LILRBI 4 0 S P Bk SR VR 32 1A B 16 5 14 27.683

Count Count
berculosi e rlLo . . . * rlo
Tub OS1 . o Lo leukocyte mediated immunity J & F15
African trypanosomiasis 1 ® rl4 leukocyte activation O ° %2
Allograft rej : :g immune effector process . : gg
Graft-versus-host disease . 20 eytolytic granule | . 40
Type | diabetes mellitus - Group . Group
Malaria 4 @ Human Diseases secretory granule ° SBP
alana ® Organismal Systems toplasmi icle part oCC
. S e
Autoimmune thyroid disease +—————— cyloplasmic vesicle pa OMF
Legionellosis - IgG binding
Viral myocarditis - L sialic acid binding
Natural killer cell mediated cytotoxicity ﬂ wide pore channel activity
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Fig 4 KEGG (A) and GO (B) functional enrichment analysis about hub genes
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5B); f£PD %4 GSE20163 1, #.0 %KX CD33 (P=0.01) FI1FCGR3B (P=0.04) )3 ik /K6 H£E
(P=0.03) MIIL18 (P=0.03) HYZik/KF7EPD h TEPD 1 FE (KISD).
e (K 5C), %udlifE GSE7621 1, 3L [ PRF1
£ 5 BROBEMNEEST
Tab 5 GO analysis and KEGG analysis of the hub genes

el %H ke PiH BIE P1H FH4 HH
X/ ESuRE GO: 0002443 40 A T 1) G g 4.20x107° 2x107? FCGR3B/PRF1/IL18/CD33 4
GO: 0045321 SEii)ilabs ern 1.91x107° 3x1073 FCGR3B/PRF1/IL18/CD33 4

GO: 0002252 G e RN R 2x107° 3x107 FCGR3B/PRF1/IL18/CD33 4

I B 5 o2 GO: 0044194 T A0 MR 8x10™ 2x107? PRF1 1
GO: 0030667 53 U SR g 1.4x1073 2x107? FCGR3B/CD33 2

GO: 0044433 A B 5T FE 0 4y 1.7x1073 2x107? FCGR3B/PRF1/CD33 3

T IiRe GO: 0019864 IeG&& 1x107 4x107* FCGR3B 1
GO: 0033691 MR R4S A 2x107° 4x107? CD33 1

GO: 0022829 B FLIE T 3x107 4x107 PRF1 1

KEGG hsa04650 ERAZNEL P k-2 e 1.5%1073 4x107? FCGR3B/PRF1 2
hsa05152 AL 3x107 4x107? FCGR3B/IL18 2

hsa05143 A AHE HU 1.8x1072 7x107 IL18 1

x 6 ZOEERNES
Tab 6 The NES of hub genes

s R NES ClusterCode Hbr e
HSF1/HSF2/HSF4 15.840 5 Ml IL18/FCGR3B
HSF1/HSF2/HSF4 12.857 5 M2 PRF1/FCGR3B
STAT1/IRF8/PURA/IRF4/SPI1/PRDM1/IRF5/IRF3/IRF2/IRF6/IRF7/IRF1 10.9399 M3 IL18/FCGR3B
TBP/MZF1 10.431 8 M4 IL18
HOXA13/KLF4 10.399 M5 FCGR3B/IL18
DMRTC2/DMRT1/DMRT3 10.235 1 M7 IL18
GSE173078 GSE79705
- 1 1 * Group 4.0 1 - 1 ¥ - Group
® Control = ® Control
®Cp ®Cp
51000, 535 =
s s
2500 3 i % @ &
4] i m 3.0 9
= |
0 ———— = | < <& 2.5 0
A CD33 IL18 PRF1 FCGR3B B CD33 IL18 PRF1 FCGR3B
GSE20163 GSE7621
* * { 4 Group 250 1 1 1 1 Group
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0 ®CpP 200 A ®Cp
g g
% 200 A 0 ‘% 150 1
s | H A
) 100 | 5 .
4 T X
. &P = o] = <
C CD33 IL18 PRF1 FCGR3B D CD33 IL18 PRF1 FCGR3B

A: CPH#i4% GSE173078; B: CP%t#i#E GSE79705; C: PDAiHi4E GSE20163; D: CPHUE4E GSE7621,
&5 AR S Bl ST RE AR ¢ K A A 2R 1

Fig 5 Boxplot of two independent samples #-test for external dataset
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Fig 6 Scatterplots and forest plots for MR analyses of two samples
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TR E WA A RAE T, AT IL1R2 A
YER T2 4n i in CD4™ . CD8'T Ik [ 41 ifd Al NK
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