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[Abstract] Objective To investigate if high glucose (HG) exacerbates Porphyromonas gingivalis (P.g) lipopolysac-
charide (LPS)-induced inflammatory response in human gingival fibroblasts (HGFs) and to explore the underlying
mechanisms. To provide a basis for the mechanism of diabetes aggravating periodontitis. Methods HGFs were divided
into four groups: the control group (basal medium), the LPS group (treated with 5 pg/mL P.g-LPS for 24 h), the HG
group (treated with 25 mmol/L glucose for 24 h), and the HG+LPS group (treated with 25 mmol/L glucose + 5 pg/mL P.
g-LPS for 24 h). After culturing for 24 h in the respective media, the cells were harvested for experiments. Intracellular
reactive oxygen species (ROS) and mitochondrial reactive oxygen species (mtROS) were detected using 2 ', 7' - dichlo-
rodihydrofluorescein diacetate (DCFH-DA) and MitoSOX Red staining, respectively. Fluorescence intensity was ana-
lyzed by confocal fluorescence microscopy and directly measured in cell suspension. Immunofluorescence was used to
detect changes in mitochondrial DNA (mtDNA) content of HGFs. Real-time fluorescence quantitative PCR was used to
detect the content of mtDNA in cytoplasm and cell supernatant. Protein expression of the cyclic GMP-AMP synthase
(cGAS)-stimulator of interferon genes (STING) pathway was assessed by western blot, while mRNA expression levels of
tumor necrosis factor- « (TNF- a), interleukin-13 (IL-1B), and interleukin-6 (IL-6) were detected by PCR. Results
Compared to the control group, both the LPS group and the HG group exhibited a significant increase in ROS and
mtROS, with a more pronounced elevation in the HG+LPS group, demonstrating a synergistic effect (ROS: F = 396.5,
P < 0.001; mtROS: F = 29.38, P < 0.001, CI < 1). The cytoplasmic mtDNA content was significantly elevated in the
LPS group, with a more marked increase in the HG+LPS group (F = 27.85, P < 0.001). The supernatant mtDNA levels
were significantly higher in both the LPS and HG groups, with a more pronounced elevation in the HG+LPS group (F =
15.26, P < 0.001). The phosphorylated proteins p-STING, p-TBK1, and p-P65 in the ¢cGAS-STING pathway showed
varying degrees of activation in the LPS and HG groups, reaching the highest levels in the HG+LPS group (p-STING:
F =52.67, P <0.001; p-TBK1: F = 15.67, P = 0.001; p-P65: F = 9.83, P = 0.005), while p-IRF3 showed no significant
differences among the groups (P = 0.072). Pro-inflammatory cytokine TNF-« was significantly higher in the HG+LPS
group compared to the control group (F = 15.05, P < 0.001), and IL-1B increased in both the LPS and HG groups, with
a more pronounced rise in the HG+LPS group (F = 30.98, P < 0.001). IL-6 showed no significant differences among the
groups (P = 0.847). Conclusion High glucose and LPS act synergistically to enhance oxidative stress, accompanied
by increased mtDNA release, which activates the ¢cGAS-STING pathway, thereby amplifying the inflammatory response
in HGFs.
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Table 1 Primer sequences for Real time fluorescence quantitative PCR

Gene Forward Reverse

ND1 5'=CACACTAGCAGAGACCAACCGAAC-3’ 5'=-CGGCTATGAAGAATAGGGCGAAGG-3'
TNF-a 5'-GTAGCCCATGTTGTAGCAAA-3’ 5'-CCTGGGAGTAGATGAGGTACA-3’
IL-1pB 5'= TTCTTCGACACATGGGATAACG -3’ 5'= TGGAGAACACCACTTGTTGCT -3’

IL-6 5'=-CAGGAGAAGATTCCAAAGAT-3' 5'=CTCTTGTAACATGTCTCCTT-3’
B—actin 5'= TGGCACCCAGCACAATGAA -3’ 5'=CTAAGTCATAGTCCGCCTAGAAGCA-3'

ND1: NADH dehydrogenase 1; TNF-a: tumor necrosis factor alpha; IL-1B: interleukin-1; IL-6: interleukin-6

1.8 “%it5F 7k

il GraphPad Prism 10 #4748 T b . £ &
TE 53 R, 22 41 1A e ok FH SR 3R 2241
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T3 HEAT W P LA o X T AE IE 2 40 A $k 9 i
Kruskal-Wallis Bk FG 5 EAT 50 Hr o P <0.05 4 225+
Aouit e o Oy 1 A AT LPS Z [ Y
PRI, M4 Chou-Talalay 779 , 415 158 791 1 2800 6

R VEM, I 1T B R 35 2 (combination index ,
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(Zr8) 5 o B 35 s, H HG+LPS 4 = B ohy
i3 (ROS: F = 396.5, P < 0.001, CI=0.78 ; mtROS :
F =29.38,P <0.001,CI=0.84) , iX % B LPS 5 b
R84 251% S HGFs f ROS 1 mtROS 34 i, M 1fij 44
T 4 0 AL B (8] 1a & 1b) o X HGFs T 1L 55
O J 1) B B MR AT S O B A5 R AR, AR
HG 20 % % B 2H ROS Fl mtROS 7% % o & T} 5 IF A

=

e Control LPS

ROS

75 wm
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0 C
100 i
80 80 wo# [F
o 60 o 60 =
= 40 = 40
20 20

0
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Mitochondrial ROS

Control LPS HG HG+LPS
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Ld)

HL 2% (ROS: P =0.895; mtROS: P=0.387) ,1H LPS £
DGR BB HGHLPS it — Tt s £ R
HA Yt & X (ROS: F = 21.01, P < 0.001, Cl=
0.54; mtROS: F = 18.19, P < 0.001, C1=0.78) ( [&] 1c-
le), LA_b 45 5 5 4 58 £ W s BT WL 458 1) iy 245 SR 0
AFHAT , = W5 AT LPS 78 3 5 S8 Ak N 80 T A7 7E i [
EF(CI<1)

HG HG+LPS

75 pm

75 pm

«
800+ Hkok 20 =
H
600- i s , v
=3 =
2400 E 10
2004 5
0- 0
Control LPS HG HG+LPS Control LPS HG HG+LPS

HGFs ROS HGFs mtROS

a: HGFs were incubated with DCFH-DA to indicate intracellular ROS levels (green) and MitoSOX Red to indicate mtROS levels (red); Scale bar =

75 pm. b & c: fluorescence intensity of ROS and mtROS was quantified using ImageJ. n = 6. d & e: fluorescence intensity of cell suspensions was

directly measured using a multimode microplate reader at excitation wavelengths of 488 nm (ROS) and 510 nm (mtROS). n = 3. *: P < 0.05, **:

P < 0.01, **#: P < 0.001; #: compared to the control group, P < 0.05; ###: compared to the control group, P < 0.001. Control group: no treatment;

LPS group: treated with 5 wg/mL P.g-LPS; HG group: treated with 25 mmol/L glucose; HG+LPS group: co-treated with 5 pwg/mL P.g-LPS and 25

mmol/L. glucose. HGFs: human gingival fluorescent fibroblasts; DCFH-DA: 2, 7-dichlorodihydrofluorescein diacetate; ROS: reactive oxygen spe-

cies; mtROS: mitochondrial reactive oxygen species; P.g: Porphyromonas gingivalis; LPS: lipopolysaccharide; RFU: relative fluorescence unit

Figure 1
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High-glucose environment exacerbates the elevation of ROS and mtROS levels in HGFs induced by P.g-LPS
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WM (F=26.19,P<0.001) (K 2b), B LPS
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Z A A FEPUE R (C1=1.45) . i@ i PCR A & #H
LPS 25| HGFs I8 3% H mtDNA & 2 7t & , £ HG+
LPS 4 it — 0 T 45 R A Ge it 25 5 (F = 27.85,
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23, ASHIE 5 34 S B0 Bl v Rt 2 2
HGFs i) mtDNA B =4 fa ok, 25 /A it 22 7
(F=1526,P <0.001) (& 2d), &85 HLPS 76 H p
S AHIAE R (C1=1.03) .
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STING 1% % i ¥4 8 % 7&
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STING {5 538 A OC 8 11 & s AT R DU (18] 3a) o
LPS 21 \HG 2 . HG+LPS 4 #§ iz 1t i) STING ( phos-
phorylated STING , p-STING ) F1 T Jif# B fig fk. (1Y) TBK1
(phosphorylated TBK1, p-TBK1) [ %% ik 7K *F- %% Con-
trol ZH W 140, H HG+LPS ZH 84 o | 25, 2
HA G112 8 L (p-STING : F = 52.67, P<0.001 ; p-
TBK1: F = 15.67, P=0.001) (€] 3b & 3c) , & B Al
LPS 7 p-STING H 77 7 ¥ [A] /E 1] (C1=0.74) , 7E p-
TBK1 > A 04 FH (CI=1.03) . 4k P65 IRF3 fiY
B LA AN AR RS . Horp 85 1R 16 P65 (phos-
phorylated P65, p-P65) 7E LPS 41 F1l HG+LPS 41 &
=T, AF HG 410 7t & (F = 9.83, P=0.005) ([
3d), = OB A LPS 3R B R B R #5 B AR (Cl=
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a: representative immunofluorescence images of HGFs showing the co-localization of PicoGreen (green) and Mitotracker (red). Blue = Hoechst; Yel-
low = Merge. Scale bar = 50 wm. b: the ratio of yellow fluorescence signal intensity to red signal intensity was calculated in randomly selected in-
tact cells from each group to indicate mtDNA within mitochondria. n = 10. ¢ & d: HGFs were stimulated with HG and LPS for 24 hours. mtDNA
levels in the cytosol and supernatant were measured and normalized for statistical analysis. n = 6.%: P<0.05, **: P<0.01, ***: P<0.001; #: com-
pared to the control group, P<0.05; ##: compared to the control group, P<0.01, ###: compared to the control group, P<0.001. Control group: no
treatment; LPS group: treated with 5 pg/mL P.g-LPS; HG group: treated with 25 mmol/L glucose; HG+LPS group: co-treated with 5 pwg/mL P.g-
LPS and 25 mmol/L glucose. HGFs: human gingival fluorescent fibroblasts; LPS: lipopolysaccharide; P.g: Porphyromonas gingivalis; mtDNA: mito-
chondrial DNA
Figure 2 High-glucose environment enhances the release of mtDNA in HGFs induced by P.g-LPS
2 FEREPRE TR P.g-LPS 5 1) HGFs H' mtDNA [ B i
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a: representative Western blot images showing protein expression levels of key components in the cGAS-STING pathway in HGFs. b-e: quantitative
analysis of p-STING, p-TBK1, p-P65 and p-IRF3 protein levels normalized to GAPDH. n = 3. *: P < 0.05, **: P < 0.01, ***: P < 0.001; #: com-
pared to the control group, P < 0.05; ##: compared to the control group, P<0.01, ###: compared to the control group, P < 0.001. Control group: no
treatment; LPS group: treated with 5 pwg/mL P.g-LPS; HG group: treated with 25 mmol/L glucose; HG+LPS group: co-treated with 5 pg/mL P.g-
LPS and 25 mmol/L glucose. HGFs: human gingival fluorescent fibroblasts; LPS: lipopolysaccharide; p-STING: phosphorylated stimulator of inter-
feron genes; p-TBK1: phosphorylated TANK-binding kinase 1; p-P65: phosphorylated NF-kB P65; p-IRF3: phosphorylated interferon regulatory
factor 3; GAPDH: glyceraldehyde-3-phosphate dehydrogenase; ¢cGAS: cyclic GMP-AMP synthase; STING: stimulator of interferon genes
Figure 3 High-glucose environment enhances the activation of ¢cGAS STING signaling pathway in HGFs induced by P.g-LPS
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a-c: relative mRNA expression levels of (a) TNF-c, (b) [L-1B, and (c) IL-6 in HGFs after challenge with high glucose and LPS. Gene expression
was determined by qPCR and normalized to B-actin. n = 5.%: P < 0.05, **: P < 0.01, ***: P < 0.001; #: compared to the control group, P < 0.05;
##: compared to the control group, P<0.01, ###: compared to the control group, P < 0.001. Control group: no treatment; LPS group: treated with 5
pg/mL P.g-LPS; HG group: treated with 25 mmol/L glucose; HG+LPS group: co-treated with 5 pwg/mL P.g-LPS and 25 mmol/L glucose. HGFs:
human gingival fluorescent fibroblasts; LPS: lipopolysaccharide; P.g: Porphyromonas gingivalis; TNF-o: tumor necrosis factor alpha; IL-1B: inter-
leukin-1B; IL-6: interleukin-6; B-actin: beta-actin.
Figure 4 High-glucose environment exacerbates the inflammatory response of HGFs cells induced by P.g-LPS
B4 PN P.g-LPS 51 (¥ HGF's 4 S 9 9 I )b
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