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(PLD) . iLiifi#E%% (BD . #K2WREE (PD) . W IRMEE K- (CAL), &AW cDNAVREE , 28735 7 A i IR
FEARIOAHOCH: s RIGRIESOG | 8 Wi e SR A WAE N, (RT-qPCR) 43 SIS A HRZH 2L rf ¢cGAS . STING ., p-
STING {43 #i, LA M cGAS-STING {55 5 il i & 5> T ¢cGAS. STING. Ml [N T (IKK) . # X T «B p65
(NF-xB p65). HAIMEMNZFE (IL) -1B. IL-6. MIEIFIEH F-o (TNF-a) mRNA MFIL. TR K A R % 4
GCF 3£ JH 1 cfDNA 3% HGFs, i i Western blot 5 RT-qPCR 4l 4 ifd cGAS-STING {55 518 & S 4> T By ik .
LR AR GCF 1 ofDNA K- 25 TR, H cfDNA K5 27 R RIS b5 S 0 IE AR G . 5 {2 A
b, FIEJHFHRAL cGAS, STING, p-STING 5 HGFsbr#) FSP-1 B9t A A 40 L 3, oFJE 4%
H A HRA L P cGAS. STING, IKK. NF-kB p65, IL-1B. IL-6. TNF-o ) mRNA F kK F TXF BB ;55X
AR, a4 5 JF 46 4 GCF 3K I cfDNA /RSNl HGFs J5 ., ¢GAS Hl p-STING fi4 25 [1 3234 /K - 2 T i i 3y,
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[Abstract] Objective This study aims to explore the potential relationships of cell-free DNA (cfDNA) in gingival cre-
vicular fluid (GCF) with periodontal clinical indicators and the expression of DNA receptor pathway cyclic guanosine
phosphate-adenosine phosphate synthase (cGAS)-stimulator of interferon genes (STING) in gingival tissues and human
gingival fibroblasts (HGFs). Methods GCF and gingival tissue samples were collected from periodontally healthy indi-
viduals and patients diagnosed with periodontitis. Periodontal clinical indicators were recorded, including plaque index
(PLT), bleeding index (BI), probing depth (PD), and clinical attachment level (CAL). The concentration of cfDNA in GCF
was quantified, and the correlation between GCF and periodontal clinical indicators was analyzed. Immunofluorescence
and reverse transcription-quantitative polymerase chain reaction (RT-qPCR) were used to assess the distribution of cGAS,
STING, and p-STING in gingival tissues. Additionally, the mRNA expression levels of the key components of the cGAS-
STING signaling pathway, namely, cGAS, STING, inhibitory of kappa-B kinase (IKK), nuclear factor kappa-B p65 (NF-
kB p65), interleukin (IL)-1p, IL-6, and tumor necrosis factor-a (TNF-a), were measured. Furthermore, cfDNA extracted
from GCF was employed to stimulate HGFs in the healthy control and periodontitis groups, and the mRNA expression lev-
els of the key molecules of cGAS-STING signaling pathway were detected through Western blot and RT-qPCR. Results
The concentration of ¢fDNA in GCF was found to be significantly elevated in the periodontitis group compared with the
control group. Moreover, cfDNA concentration demonstrated a strong positive correlation with the periodontal clinical indi-
cators. Immunofluorescence analysis revealed considerably increased percentage of fluorescence co-localization of cGAS,
STING, and p-STING with the gingival fibroblast FSP-1 marker in the gingival tissues of the periodontitis group. The
mRNA expression levels of cGAS, STING, IKK, NF-kB p65, IL-1p, IL-6,and TNF-a were significantly higher in the peri-
odontitis group. /n vitro stimulation of HGFs with GCF-derived cfDNA resulted in increased protein expression of cGAS
and p-STING and considerably upregulated the mRNA expression levels of cGAS, STING, IKK, NF-«B p65, IL-1p, IL-6,
and TNF-a in the healthy and periodontitis groups compared with the blank group. Correlation analysis showed that the
concentration of cfDNA at the sampling site was positively correlated with the mRNA expression levels of cGAS, STING,
NF-«B p65, and IL-6 in gingival tissues. Conclusion c¢fDNA concentrations in the GCF of patients with periodontitis are
considerably elevated, and are associated with the activation of the cGAS-STING signaling pathway in HGFs. These find-
ings suggest that cfDNA contributes to the progression of periodontitis.
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(cyclic guanosine phosphate-adenosine phosphate syn-
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cGAS J& — i it it DNA £ )& %%, H 5 Tk
Z LR 3 K T (stimulator of interferon genes,
STING) %54, WG ¥ «B p65 (nuclear factor
kappa-B p65, NF-xB p65), #5342 & K+ 41
4% (interleukin, IL) -1B. IL-6 Fl i J& 3K 3L
F--a (tumor necrosis factor-o,, TNF-a) #9240,
cGAS-STING {55 7 i % fc 9] /2 i T/ A1 4R DNA
I AR S R A O 9 & B0, Tumburu % &
PSR 40 H s 2 1Y of-mtDNA THir, ELB i
HE 7K OF of-mtDNA fili & T NETs (I8 i, il 1§l
il TANK 4% & 3 1 (The TANK-binding kinase 1,
TBK1) 1] g % & /> NETs, iEB T cGAS-STING
NS A FEPTE TIRAEM S Tk
B OIS P S BUM R B R 40 7Y mtDNA i
A 4R A T A7 1 A AL R R B A B B, B
cGAS-STING {55 5l i DA AN HE 58 S S5z 0 i HR &
055 i ok BT STING £ K . #7i] mtDNA B¢
S8 T S RE v R R A . TE R B
2R, WFARMR R . R PR BE R R
ZH 41 ¢cGAS Fl STING ) mRNA Rik¥4fn, 1 7E
N ZF BE A0 P cGAS B STING #4157, 7] ik
40 DNA 5[ T4E K B (interferon-B,
IFN-B) . TNF. IL-6 73 b. Zf EWFRBI$ER: F
JE 98 H B BT SO BE Y ofDNA 1T B3 15 cGAS-
STING {55538 i, 5% o J& 41 21 )= S s fa A
flir. SR, H A ICHLE AR 75

A 5% P A I ] At e 2 R 2 ] AR AR I R
75 W (gingival crevicular fluid, GCF) #14 #ifl 44
241, Kl GCF 1 of DNAMRJE . A #2021 P cGAS-
STING {5 = 38 % 1 3R 36, JF 70 i H 5 28 Ji s IR
FEAR A AR OGRS Rt e 3 R 2 T 48 R s
GCF 2K i cfDNA I A R 4T 4E 40 e (human
gingival fibroblasts, HGFs), il HGFs 4 jifg
cGAS-STING {55l G|/ F IRk, DI E
BT R S KA 1T BB A — 5 1 S AR
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LA /1038 U 25 DNA #2500 & [ RARA LR}
F (dbx) ABRAHE ], Quant-iT™ PicoGreen™ ds-
DNA & il & . I — B cGAS. R —HT

STING. %if—$ip-STING . IR0 2T 4:40 i
Fe5 & H 1 (fibroblast specific protein 1, FSP-
1) BUIE—HTCK14, FEHRIOE P AFA8, F
PURPE G P AF594 . 1ipo3000 (FEER KA H,
), DAPL., Hiik B . Hroc it mis il .
DMEM Hi 7 dt . B R —HHERBW (Jb gk
FRHEABR 2] ), SYBR Green gPCR Mastrer Mix
A& (APExBIOAH], SEE), M4-MmiE (Bio-
sharp A\l , EKR), T LR e —R N a
J¥ B¢ it HL 9K (sodium dodecyl sulfate polyacrylami-
de gelelectrophoresis, SDS-PAGE) #¢ K H ¥k . ¢
B PR O (R AR Y R 2 B A TR A
A, FJEHREF UNC-15 [ZE il Y7 aeml (i)
AR A ], Whatman®3MM {43 £ 45 (Whatman
o, KD

1.2 BFFER4

HEAIE 2018 4 5 Jal ik 27 B 43 2112 Wb o O 1
AR o A TR E 2 WibR i . TCIG R B
%, izt (bleeding on probing, BOP) <10%
H¥EZRE (probing depth, PD) <3 mm, II~IV
W A R B AE 2 WRE: 1) PD=6 mm, <P
PRI & 225 fe A i >5 mm, 36 ELE I3 mm,
I~ BEAR Gy AR 5 2) AR ek EMR P 1/3
B 1/3; 3) A RRKDF

LA e (2 I~V A 58 J8] 4 R 4510
Ho ZIME WA Fi18~40%, ONZED
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M s s 2) ANRIEW 3) 22, Rl
7 4) REENN; 5) E6 N HWEZ A G
575 6) IE3 N AMRMEYUAER; 7) IEFERZIER
IRIT o AWEFEE DU KA AR VG 1 s 15 B 4 B 25 D
it (HLAFS . WCHSIRB-D-2019-057), FTf
BB EITEEZ SR E .

1.3 I RBORL S FEA 1Y) R B

ZAFH AR RS, W — 2 RS 8
LREAICRZRE T m . RE, JFH UNC-
15 AR A il i 28 R I R AE AR, A 45 T B 45 2L
(plaque index, PLI) . i 1fil$5%% (bleeding index,
BI) . PD Flllfi IR i & 7K F (clinical attachment le-
vel, CAL),

AR RISV LR, IT I REZ AL
GCF s AR 2. 1) GCF: fEHE4HH 412
55— B P I RN JC R AE . PD<3 mm YA A5,
55— BB I B RAE BRSSO s — T
S HEIIA S F RS R LA 4 2R PD
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NG 14 2) FIRAL. AR A FIT
T2 96 27 2 e S AR A 1 A MR AL 40, HORE R A7
FRTCRAE . BOP (-), PD<3 mm; FRREH
I PR ) R 5 B AR R B BB A . BRORE A S HE
Frbnife: 1) #Eth; 2) AR, 3) FH—F 88
WA 4) AFmmiik ., miksodEie .

TE 2 R 2 2 3K B2 A7 1 33 ) 30T v 67 s R 4
GCF, Jfid i JKF5+4= (PLI. BI. PD. CAL),
BORE J5 2% [ AT o GCF #£ 5 i Hl Whatman®3MM {2
TEIEACR A, A UE AU JC R 4121 85 18 5T Rl A 2%
2 mmx10 mm K/, BREHITE, FH. MHERIE
HAaAd, = HBAEWR T 40, —FuEa%%1e
AT A R N 1~2 mm, #4830 s BURBDY,
AN G RO BB AU B 2 W — 1.5 mL &0
Brpo MR B MRS YRR . B
Al A 0.01 mol/L PBS 300 pL (pH {H 7.4) =5 i #%
RYEAE 1 h, 4 °CE.0 5 500 r/min 20 min, 25
200 pL 35, —80 °CHE-AF . GCF T BRI
I cfDNA. GCFRENT, Jak N YIER 2 mm® A #RZH
21, il A BRER AKX AR A AT vk, 2Bl
155 BT 4% 25 b [ 5w SR 2ARAE, .
1.4 GCF cfDNA By % & Al

K FH LT /023 7 25 DNA $2 3506255 & F1 Quant-
iT™ PicoGreen™ dsDNA %€ i 57 & 17 cfDNA 119
PEHURNE . of DNA & s I ik n R . f#H TE
GF R REREAS, R BRI B e bR ifE M &,
50 pL PicoGreen F1 50 puL cfDNA P& MR 7 i 28 21,
AN 96 AL, EIREEIFE 2~5 min,
g A SO 2 G5 B (B & UK 490 nm, & I
520 nm), 1154 cfDNA ¥ . GCF cfDNA ¥ &
HPE L)L mg/mL per 30-s sample A PR H 451
1.5 GCF cfDNA 1A&4Mfil#% HGFs

hg E— 2 PEAL cFDNA X 40 55 [ B RS20, 4
591 DA o 2 ik 28 ] 4 41 TR A GCF R4 B cfDNA,
2% Lipofectamine™3000 {77 & Ui B, #F5 3~
6 10X H5A K HGFs il 45 i SR 40 B B, +4H8
B RE R 53105 /mL $E R 6 FLA AP, 135 40 i 4 T
K 70%~90%, fdREZH . 7 Ji 48 & GCF 2K cfD-
NA (200 ng/mL) ""3ili# HGFs 48 h, % & 25 [1%f
M2 . R Trizol B S HUCANML S RNA, 5.
1.6 TREETCYLE

R 2 W) Rk S K fk, PBS Uk 3
W, BIRS min; RHERAFIERRAPUREE E W (%
50) TP &5 20 min, PBSUE3 K, %K 5 min;
RELET PN Y 1ok S AL W 1 37 °C F W% & 25 min, PBS

VE3W, BIS ming S TSR AY 5% LU LTS
37 °CFWEE 30 min, i, APE; MM—Pi cGAS
(1:100), STING (1:100), p-STING (1 :100),
R b R A kRS CK14 (1 : 100) . HGFskRi
PIFSP-1 (1:100), 4°Cig& s d®. K HE
MRS, PBSYE3 IR, AIKS min; FE#REGESK
8 F [A) i 2 5t — 41 AF488 (1 : 200) Fl7
T4 AF594 (1:200), 37 °C FU¥#& 50 min, PBS
Ye3¥k, AR5 min; A DAPI (4UfERY) =
N E 10 min, PBS{E3 K, RFIK S min; Lk
el i A, 4 CCREOGIRT . PO RMEE T
WgEY) B, fdiF Image J/Fiji 8 04%F & R #6471 500r
GraphPad Prism 9.0 J #1740 it M2

1.7 Western blot %

¥ HGFs ) cGAS. STING. p-STING Z [
5, RO FE 15, Rk BERE, 4 PBS
TH VRS A RIPA 24450, R4 75 240 )5
WeAEANHE, 4 °C 12 000 t/min 250> 15 min, Y& b
W, BCAVEME S WA, 100 °CHI#4 10 min
AR PE, -80 °CIR-A7 4 H. SDS-PAGE #t ik
MUK, R, JofE P PR S AR S ] 10 min, 0
A —3Pt (GAPDH 1 : 10 000, cGAS 1 : 2 000,
STING 1 : 2 000, p-STING 1 : 2 000) 4 °Cit %,
VeSS H#EAT —HO A 1 h, LR
1.8 & w3t R A 5E /X V. (reverse transcrip-

tion-quantitative polymerase chain reaction, RT-

gqPCR)

WA BERE-80 °C VR VR IRAF I P BRZH Y, Trizol
IR 2 BUZH 1/ HGFs 5 RNA, 8483 6O BEAU K
TEE A RNAWE  (Au/As>1.8), LM 20 pL e
SEIRZ (1000 ng RNA, 4 pL 255 RHIRK . dd-
H,O V), S5 cDNA, JrH ¢cGAS. STING.
13 s R -F « B 4 il & 1% (inhibitor of kappa B
kinase, IKK). NF-kB p65. IL-6, TNF-o. IL-1pB
SIYFII A T A TR (L) BhABRAF
WG (R 1) . RABEHHIF By IE S R 5
514y 17 A B A% I L. (polymerase chain reac-
tion, PCR) ¥ 3, 95 °CHIZALE 2 min; 2595 °C
15s, $EMf1 min, JL40 083, DUH hEE-3-BE R
i =l (glyceraldehyde-3-phosphate dehydrogena-
se, GAPDH) HNZ:, Fill4& 4 mRNA MIXS &Ik
W 2RI R R4 . HGFs o H i3 H
A mRNA £ ik
1.9 Giif2eai

BEASIIK B 3K, K GraphPad Prism 9.0
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BAE R S5 R AT S A M R e i et
GCF cfDNA ¥ & 55 2 “F J& Il IK 95 #5 2 cGAS-
STING {5 5 3 % 4% L 501 B AR DG A 20 A >R FH i J
IREARNEII T . L8] R e A5, 2222 )
FEBCR BN 2R TJ5 22908, P<0.05 W22 BT 5E
PEI-9'8
#z 1 RI-qPCRE|MF TR F=HIK/N
Tab 1 RT-qPCR primer sequence and product size

FJE g H AR (30.20£3.87) %, BMI (21.53+
2.19) kg/m®, 2 22 5 A Gt E L (P<
0.001), {HBMIfAIH 2R Kgqit¥a L. F R
2] GCF cfDNA ¥ [ (13.45+2.06) mg/mL]
T4l [ (1.76£1.09) mg/mL] (P<0.000 1),
F* 2 ZiIXEWFEIGKIEHRFI GCF cfDNA iR E
Tab 2

Periodontal clinical indicators and GCF cf-

DNA concentration of subjects

] . =4
S BMFF] (5°37) vl
cGAS F: GCTGCTCCACGAAGCCAAGAC 194
R: GTCCACAACCCCTTTCACCATCC
STING F: AGGAGAGCCACCAGAGCACAC 231
R: ACCGCATTTGGGAGGGAGTAGTAG
IKK F: GCGGTCCGACGTATGTGGTAAC 119
R: TGTGCTGCTGCTGCGATGC
NF-xB p65 F: CGCATCCAGACCAACAACAACC 80
R: TGGAAGCAGAGCCGCACAG
1L-6 F: GCCTTCGGTCCAGTTGCCTTC 133
R: GTTCTGAAGAGGTGAGTGGCTGTC
TNF-a F: TGGCGTGGAGCTGAGAGATAACC 149
R: TCTGGTAGGAGACGGCGATGC
IL-1B F: GGACAGGATATGGAGCAACAAGTGG 123
R: CAACACGCAGGACAGGTACAGATTC
GAPDH F: CACCCACTCCTCCACCTTTGAC 112
R: GTCCACCACCCTGTTGCTGTAG
2 HR

2.1 GCF cfDNA ¥ i 5 25 J& Ifs PR¥8 b 59 A0 ¢ 1 43
My
Tk E — BB W 2, Hoh, R 44E
% (24.00+1.48) %, BMI (21.06+1.72) kg/m?;

PR 5% 5 4
u 5 6
W% 24.00+1.48  30.20+£3.87""
BMI/ (kg/m*) 21.06£1.72  21.53+2.19
PLI ESn| 0.16£0.08  0.74£0.29""
IRERL S 0.18£0.25  0.93+0.43™
BI 41 0.06£0.03  2.32+0.61""
HUREAZ A5 0.13+0.17  3.55+0.48""
PD/mm | 1.90+0.19  4.40+0.85"""
HUBERL A 2.35£0.25  9.35+0.98™"
CAL/mm A1 0 431x1.57"
HUREAL AR 0 8.95+1.81""
GCF cfDNA/ (mg/mL) 1.76£1.09  13.45£2.06™"

W SEEAMLIL, TTP<0.001, TP<0.000 1,

GCF cfDNA ¥ J& 5 7 i Ifi PRF6 b 19 4 5 4 4y
BrUL 23, FHXMES PR B]: GCF ofDNAWKRE S
IR S AR . 4 0 PLL. HUREQT &5 PLI, 41
BI. HUFEN7 4 BI. 4 PD. HUFE( 5 PD. 41
CAL. HUFE(7 5 CAL HR IEAHCHE (P<0.01), LA
AR . GCF ofDNA HeJE 5 oF Fi il R 45 b5 A2
A KB, GCF cfDNA ¥ JEE 1] fE Bl 2 J& i R 48 A
(AR T 5

% 3 GCF cfDNARE S FAIGKRIEIRMEXES T

Tab 3 Correlation analysis between GCF c¢fDNA concentration and periodontal clinical indicators

) PLI BI PD CAL

IiH AR BMI — — o S
41 HUREAL 2 41 BUREAL 2 En| PR 55 41 IR 2

FfE  15.750 0.258 0 16.140 12.440 80.000 97.990 88.810 133.100 115.100 173.000

r 0.467 0.0142 0.473 0.409 0.817 0.845 0.832 0.881 0.865 0.906

P 0.0009 0.617 4 0.0008  0.0024 <0.000 1 <0.000 1 <0.000 1 <0.000 1 <0.000 1 <0.000 1

22 R4 cGAS. STING. p-STING f 4 5%
DS ki
SEERAML, FRRAF AL cGAS .
STING". p-STING &k Az 5 S (K1),
F R4 cGAS/FSP-1", STING/FSP-1", p-STING'/
FSP-14&t At A A 5 FSP-174 1 43 be s T e

41 (P<0.05); 1A JH %4 cGAS'/CK14", STING'/
CK14", p-STING'/CK14'%¢ Y3t & i i F2 /5 CK-
14 E L SEEAML, ZRERITFES
(P>0.05) . #E&/Rn: FJERAF AL cGAS”,
STING" . p-STING 145 1 4% (1 58 o 55 2
HGFs %3k,
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Fig 1 Immunofluorescence staining results of cGAS, STING and p-STING in gingival tissue sections
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23 R4 41 cGAS-STING 18 % ¢ 8 4> 1 10
mRNA Fikgh
S REAAHL, R R A A HRA L cGAS.
STING, IKK. NF-«B p65 ity mRNA #ikTli, 2

SHAAGIEE L (P<0.05). HFFRAER T IL-
1B. IL-6. TNF-o[) mRNA FEik 75 A J& 48 4 4%
AT, 2REAGITFRE L (P<0.05) (£
4)

R 4 FHRALH cGAS-STING & X # 5 FH mRNA Rix
Tab 4 mRNA expression results of key molecules of cGAS-STING signaling pathway in gingival tissue

ZH 5 cGAS STING IKK NF-kB p65 IL-1B IL-6 TNF-a
fiFE L 1.06+0.40 0.77+0.24 1.69+1.48 0.88+0.15 1.2120.71 1.15+0.77 0.79+0.33
T 54 2.63+0.817" 2.17+0.57" 11.49+8.30" 1.84+0.47" 2.47+0.77" 16.75+8.82"" 2.36+1.217"

W SR L, "P<0.05, TP<0.01,

2.4 R LUBAE L] S GCF ofDNA ¥ J¥ 5 cGAS-
STING {5 553 5 4% 00431 I AH &% 4B
K2 UL 55 GCF cfDNA e J3 43 A 45 1

BRI R 9 2 OF A SUBRE A 5 ) GCF ¢fDNA

W FE (15.90£6.32) mg/mL 7 T 40 (1.17+

0.80) mg/mL (P<0.000 1), 5 hR4 LU 15

GCF cfDNA ¥ & 5 ¢cGAS-STING {5 5 i {5 1% 0> 43

#
®
Z
<
<
g Z z
i % g
I <
£ < £
= 2 »
IURENE 55, cfDNA ¥ JiE
cGAS mRNA
STING mRNA
IKK mRNA

NF-kB p65 mRNA

IL-1p mRNA

IL-6 mRNA

TNF-a mRNA

¥ (cGAS. STING. IKK. NF-«B p65. IL-1B.
IL-6, TNF-a) A mRNA 3 ik /KF i 17 40 56 % 4
Br, @R o DNAWE 5 cGAS (7=0.72, P<
0.05) . STING (7=0.83, P<0.001) . NF-«B p65
(r=0.79, P<0.001) . IL-6 (r=0.75, P<0.05) ¥
mRNA Rk 2 A (K2).

IKK mRNA
NF-kB p65 mRNA
IL-1p mRNA

IL-6 mMRNA
TNF-o mRNA

rE

#P<0.05, **P<0.01, r=158 2 FEAX; =152 RM%,
B 2 FURLLLVBURE 25 GCF cfDNAVEJE 5 cGAS-STING {5 B4 4% 004> T mRNA 2815 7K S [ AH G 4B

Fig 2 Correlation analysis between GCF cfDNA concentration at sampling sites and mRNA expression levels of core molecules of cGAS-

STING signaling pathway in gingival tissue
2.5 GCF cfDNA X} HGFs % & ¢cGAS-STING {5 &
T BEAZ 5 I S R
S A L, R4 . F R4 GCF kR
cfDNA # #% HGFs 4ii i 48 h, cGAS Al p-STING
B 2R R A KT, STING B2 H /K JC B

ik (EI3A), [REATEE F# cGAS. STING,
IKK. NF-«kB p65 & fi¢ 4 i ifd A + IL-1B. IL-6.
TNF-a ) mRNA %1k (P<0.05), Hp2F &4
IKK. TNF-o Y mRNA F ik m T4 (P<0.05)
(K3B~H).
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Fig 3 Influence of GCF-derived cfDNA on the core molecules of cGAS-STING signaling pathway expressed by HGFs
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e KARPE FR G0 I M T PO R 1 0 2 —
Lk, BRI Z RS o TR A B R
B B, BRA RS R B AR P R
T = 20 R U Y cfDNA ] 3R 31 22 Fh % 1% A7 %
(41 cGAS. AIM2, TLR9Y) #i%JcKGEE, Mifi
VARSI A Y . B S Re e . i fa s
LA B R B R R R R . ARk
B KXGB M TR (theumatoid arthritis, RA)
S I T R ST FEAS T ofDNA ZKF 5 5677 %
RE SN . RAGEIR TG S PE 2 R 7E 3R IEAH S . B
Je 3 2 g ST SRS 3 1 G148 (collagen-induced
arthritis, CIA) /NFRBEHL & B . CIA /N BT BRI
o) cfDNA ZK P FLE & 20 f I+ (IL-1B. IL-6,
TNF) AP RAdRR /N s S5 ARZ AR FEY CIA /)N
B EE, 28 bDNA B0 {1 1 326 Ak i v e 5 1R 1
HRIE /N RO R B WICE 2, 5% AL
I FH cFDNA ¥ BR 370 mT G 25 40 i 5635 RAE, IFA

BRSPS TR AR . PR A A 58 B I S
5 96 I R B T ofDNA ELA (2 3F 4l B 48 5 P
B EIVER , {8 cfDNA 75 %57 G3“SeHANSs 1]
A R SR RN AR B IR . BRI R,
Bl ARG, AL P8 M 50 R N R, &5
H DNA KT . AMFRE R L. FRRA
(RIAE IS 0 3 TR AL, HAR IS 5 ofDNA M &
IEAISEME, X AT BEJE 2 4 cfDNA /K- 25 5 1y — 4
W&, BAEPRPERN, BMIE AR EE
JRE S YE M AN M P TS RN IR A, AT R 2 1Y
cfDNA., ARUFFTLER L. R4 KT R4 1
BMIZ G024 X, ULHH 2 09 A B f e
FRROLIEAAHE . 2 i R 35 GCF H i) of DNA ¥
B TAEA, HY5 40P PLI. BI. PD,
CAL FIUFES A4 PLI. BI. PD. CAL Z[al#
OB IEA S . I JE R AR LIRS bDNA
Fhi, BARE B RAMIET, 1R DNA
mtDNA ., NETs S B, I J8 Jmy F i FR 85 vp (1) of-
DNA Fifi 5 93 () F B2 58 BT, Al R ICR S R
BPER N, 54 50 RGN = VIA G . 12
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FPOk PSR BH ZE P i B2 (chronic obstructive
pulmonary disease, COPD) &34 19 Hr PE 4 24 it 7
AR IR AR 25038~ HA SR B NETs l9RE S, H
B4 = LA Y mtDNA 1 7K 1Y A Ak #5147 DNA
(NETs-DNA), NETs-DNA ¢t 7 A“GE F R4
K45 . NF-xB AHIC A0 K 1 TFNs i 2R3k S 53k
FEAE T AR ZE IR AN L . 3 B A5 A DT ER B
il DNA {28 2% cGAS 5% TLRO J&i ZZfit Bl s . Fifi i
fdi Fl cGAS™ . TLRO™ & K il [ /1N B A 4 P BHL I
NETs-DNA [ /& i . i Fl mitoTEMPO 41 il NETs
AR . f#FH DNase | F#f# NETs, 7] FEAK 2700
M1 %515 F 1 COPD /)N R I i NETs A2 1 . NF-
KB A RAE N F IR E, ZMLIERIE . i
ZIRFGS MR . 25 L, cfDNA ] fgJE: 4 R
B g3 S NE SN F) FEZLRI LY, ofDNA J H A G AH
5 3E TR BRSO R IR YT T
FEB

cGAS J&—F 40 Jifd i DNA J& 32 8%, ] 35 515k
H R AR SE SN R AR i 32 H 5 DNA, ik &
A A5 23 - A S HER-IR TR (cyclic GMP-
AMP dinucleotide, 2’3’-cGAMP), J5# Al LI H %
BT N BT B | % STING, i 3 & A= #4228 4k
ALY STING 1] LAifs & ZFEALIY T liFim i, fds
TBKI-IRF3 {5 5 Hli{% b . #00% NF-«xB. 55 H W
KA HLFE T A5, AE S SO0 g Ty T A
P, Ma ZEPIRIEGY A, R U PG IR R A DG B
BEH A TR T 10T U4 B cGAS,
FHL 1k STING 5 TBKI1 #HEAE ], M #0 i STING
W WR AL AR B Y IFN-B 774, 4k M40 i DNA 807
AR . STING 7 sl ik FE A £k Hh s e 4% H B4 ] .
HAFH R S A BN L, T IR B R SR
B 26 & 1 E BB (ApoE”) /INEL A STING # ik
1 DNA #i fi br 75 %), 40 y-H2AX ., p53 Fl 55
DNA ¥y 10, S5XRAM L, ApoE™ /N
STING k2 9k /b 1 3 30 ik =5 14 2 ok oks 4 £l 15 722
FERE | BB S BRORD w2 i )RR . st kR
iE 3 T R Ik, RSP B R C-176 BH BT
STING 1] 3% ApoE™" /|y f 8 ok 5 # 8 1L (1) JE 1
H il cGAS-STING {5 53 % 78 4 J&l 5 4 4iE 15 #1L
il TP AR AT AR B e A R T . S s 2 Ak A T 2
KL 21 STING &5 SR Bon: SEREME, 7
Jil R BB E o bR gk 4 22 A7 AR R 2L Y STING 1
S SRREA RS > (BRAL L)), HR X cGAS
PEAT A3 NT o B WFFE PO B . il 28 i bk 2L i
HALTE HGFs 48 )5, ¢GAS. STING F¥ 7 [ #H %t

Tk B EIE, HIL-6, IL-1B, TNF-o. IFN-B
(1) mRNA F3k B ETHE, A5 B4 AN A L,
{6 STING 417 1 551) 19 24 Jl 4 /N U 48 i 248 Bt 1A
FI 20 B TR B S R AR . A 2% O A R bk
PRI TR AN PR SE D (Porphyromonas gingivalis outer
membrane vesicles, Pg-OMVs) 5 Ifil 45 PN 5 40 Jitg
(endothelial cells, ECs) L4538/ &K, Pg-OMVs
i 35 3R ¢cGAS-STING-TBK 1 38 &4 ECs 11T 5%
MRCE 3. 1A FHS RG22 (lipopoly-
saccharide, LPS) #] DL i # 1§ ¢cGAS-STING 1§
5T N TS T ML E AN R AR AL, T
AR A F 2 (insulin-like growth factor-2, IGF2)
AL R cGAS. STING. p65 iymsmR ik, M
il M1 E W 41 ik Ak, AR aE /N BRUA T 9 458 78 (1) g
o AWFTE K GCF cfDNA JK -7 5F J £ e 2 A
KRR GBHEPEIEESR, T ofDNA JZ 15 7] fil
B R H LT HGFs cGAS-STING {5 5@ %, 51540
JHL 5 2 I I E— 2D IR R RS, % R E A
RAWTE . AWFIEEE RN . T JE R AL WRA R
HURE A 15 19 ofDNA W B 0 2% i T X BR A, [l
T8 R R4 4 cGAS. STING K H: F iif
IKK. NF-kB p65. IL-1B. IL-6. TNF-q fi¥ 3 5
KK T, H AR oot g R WoR A4 R R4
FHUR4141 cGAS. STING, p-STING 5 HGFs b5 ik
Yy FSP-1 1Y 2 )6 M5 o7 T BV 4 b Sk 3 o T {e R
M, o FERIERSET GCF ofDNA 55
2 I W] fEE 0% HGFs 1 cGAS-STING 5 5
T P — AR 1 2 R AL BV RAE I N

HGFs j& A RE5 45 2 40 h i BRI, 7627 A
HEUEE i AR Y, AR Y R AT R
WFFE 7R« HGFs il 1 235 2 Fs 16 P 7 e 4
B 2 A, SRR ) & A K e A |
s, ST BRI R g N A G, T
FRGpERENMEE PR EEZEEN. IR
GCF 1 Jt = 1 cfDNA J& 75 I I HGFs iy ¢cGAS-
STING {55 538 fif , 7 S 0045 1t B 20 AR 2F i) 92 40 ok
U511 cfDNA £ 1lipo3000 il 3 % HGFs, %53 s -
SR REZH ARG, it R 4H B JH R 4 GCF 2R i ofD-
NA Jil7% HGFs 4i /i f5 , 40l cGAS. p-STING &
FRA R b, HEREA 87 5 9 41 GCF 3k
TR Y cfDNA ] 3 HGFs 4 ig 7] & 2 [ 4 cGAS,
STING. IKK. NF-kB p65 JA(E % 40 il [X 7 IL-18 .
IL-6. TNF-a ) mRNA Kik, HHIKK, TNF-o ¥
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