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The effect of high concentration of glucose on the production of proinflammatory
cytokines and nitric oxide induced by lipopolysaccharides from periodontopathic

bacteria

Sung—Jo Kim

Department of Periodontology, College of Dentistry, Pusan National University

ABSTRACT

Purpose: Diabetes mellitus is a clinically and genetically heterogeneous group of metabolic disorders manifested by
abnormally high levels of glucose in the blood. Mounting evidence demonstrates that diabetes is a risk factor for gingivitis
and periodontitis. The circulating mononuclear phagocytes in diabetic patients with hyperglycemia are chronically exposed to
high level of serum glucose. Thus, this study attempted to determine the effect of pre-exposure of monocytes and
macrophages to high concentration of glucose on lipopolysaccharide (LPS)-induced production of pro-inflammatory mediators.
Material and Methods: For this purpose, cells were cultured in medium containing normal (5 mM) or high glucose (25
mM) for 4-5 weeks before treatment for 24 h with LPS. LPS was highly purified from Porphyromonas gingivalis or Prevotella

intermedia by phenol extraction.

Result: Results showed that prolonged pre-exposure of cells to high glucose markedly increased LPS-stimulated NO secretion
when compared to normal glucose. In addition to NO, high glucose also augmented LPS-stimulated IL-6, IL-8, and TNF-«

secretion after cells were exposed to high glucose for 4 weeks.

Conclusion: The present study demonstrates that pre-exposure of mononuclear phagocytes with high glucose augments
LPS-stimulated production of pro-inflammatory mediators. These findings may explain why periodontal tissue destruction in
diabetic patients is more severe than that in non-diabetic individuals. (J Korean Acad Periodontol 2008;38:511-520)
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1. 253 A Y=
Porphyromonas gingivalis 3811} Prevotella inter—
media ATCC 25611& AFjAto R 9t ol 455
Eo] we} 1 ug/ml menadioned} 5 pg/ml heming 33
3}3l Q)&= enriched trypticase soy agar = GAM broth
(Nissui, Tokyo, Japan)E ©]&3}o] 37°Ce] &7 =4
(5% Ha/5% CO2/90% No)ollAl vijeyatdom Aol Ao
660 nm oA e FFEE SAste] AAs|IGi A
" x]oll A 24 A7t vljoF3t early stationary phased] W&
4°ColA 12,000xg2 2082 YA Helslo] slgsial,
phosphate buffered saline(PBS, pH 7.2) & 33] A|&3t
¥ Az

2. LPSe| &=r22|

LPS*= hot phenol— Waterm12)01] OlASl] &3}
7res] avliehd, AR Al Wdde] AAE &
o] Holal, Y H1l9] 90% phenol& 715 ¥, 68°C
A 2087F 1A ORA 23] FESIitE 1 % SRS
ZEAZ)aL, 7,000 xgollA] 1557 AiEesle] NS
wofsloinh. 8AFE Hot 4°Collx] FRTE ol8st
A FASKL 105,000 xgol|A] 3A17E ZPAER5k
EAAZSIYTE 0.1M Tris—HCI(pH 8,0)9]4] DNase(25
pg/ml)et RNase(25 pg/ml) 2 37°CoA] BRAl A2jate] o
ARS AlASK, Tl @2 proteinase K(50 pg/ml)E
7¥sto] 60°CollA] 1AIZE A2f3k 5 37°CoflA] WA ujerste]
AlASHEE

SIiT

oié

3. MI=zH{Qf

TRQA0] ThAIMN|ZE BA} A9 RAW264. 7(American
Type Culture Collection, Rockville, MD, USA)-2 37°C<]
5% CO/95% air BJF7]o|A] 10% [v/v] heat—inactivated
fetal bovine serum(FBS), 100 U/ml penicillin, 100 yg
/ml streptomycin, 10 mM HEPES, 2mM L-glutamine,
0.2% NaHCOs;, “12]il 1mM sodium pyruvate®| 3EgHE
Dulbecco’s modified Eagle’s medium(DMEM) S & vjjoFs}
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At A SEA| Q] THP-13} U937(ATCC)-= Nunc
Zg3A99 10% [v/v] heat inactivated FBS, 50 uM
2—mercaptoethanol, 1mM sodium pyruvate, 25mM
HEPES, 100 U/ml penicillin, 1)1 100 yg/ml strepto—
mycing X35}l ¢J= RPMI 1640 HA]|E o]&5}e] 37°C
9] 5% CO/95% air BiY7]0llA wioFslitt, THP-1 A2
2 gER E8I717] SaiHE 24-well Hjokio] A]
F(5x10° cells/ml/wel)E HZF3F T 50ng/ml =2
phorbol 12—myristate 13—acetate(PMA)E 7|53t} AL
7} 23tste] Zetid ekl FAE RS 124 F2t Hl
U 5 HiRIE 33] Al

XS 2~3ufth WABHAA, A4 sE(normal glu—
cose; NG; 5mM) F= 11%E9] 23 (high glucose;
HG; 25 mM)S EpFsh= HiRlollA A7ge 7IxE &2t Al
= 42 AR iR &, Uk w9 LPSE 718t Al
H AZE §3F vk, IL-6, IL-8, TNF-@, 183l NO
o] A fl8ll AA5dE Alsto] —70"Coll Hasigicth

Aslo] ARSIt 71eRs] ANsHH, 96—well flat—bot—
tomed microtiter plate®] HJF A= 100 419} T K
9] Griess reagent(1% sulfanilamide, 0,1% naphthyl—
ethylene diamine dihydrochloride, and 2 5% phosphoric
acid) (Sigma Co., St Louis, MO, USA)E &35t & Ale
oA 1087F HA|8}al, Spectra Max 250 ELISA Reader
(Molecular Devices, Palo Alto, CA, USA)E o]&3}o]
540 nmoflA S5 SIS Nitrite?] lew HiUgY
O ¢4 343t NaNOy(Sigma) = AALeE = H41E 0]

St 273tk
5, IL-6, IL-8 & TNF—a2| ¥

ELISA Set(OptEIA; BD Pharmingen, San Diego, CA)
2 olgalo] ujyel 450 Wl IL-6, L8 % TNF-2)
FeE Asilh AlAre] ZAlo oAste], dUIEE
BHA|=2 microtiter plate®S H|ES}al, quantitative sol—
id—phase sandwich enzyme immunoassayS A|g§5}o] Hj]
ool ml o] kg ZgsIsich

h o=

DSEO| FRIAAI} XIFEE HOIRFO| MZLIEA0 ofst
=)

HEM cytokine L nitric oxideQ| A0 O|x|= F&k

6. S/EA

FAEAL student’s paired t—testo] AL AbR
L 45j9] Syl Uge] B BEEAE BRI

2t

1, I=sEo| ZFEAATI RAW264.7 MIZOfA2]
NO2| MMof O|Xl= At

TR iAA|EQ] RAW264.7 MIPLE A/AHNG: 5 mM)
= IEE(HG; 25 mM) 2] SFIAE Egslk= uix]oflA
53LE AP WiFEE B, ThelRt 50| P gingivalis LPSS:
7¥sto] 2417t uiFsIGict. HG B NG HiRoflA] 5= Of&
2O NOO| A/do] 718k, HGolA] 5557k AP vf
et 3 10 pug/mle] LPSE 713E Al2EollA=, NGojlA 55
7k AP woFeE Ajazof] wlsl, oF 6,44H(21.2 vs, 3.3 uM)2]
NOE A/dsI3irhFig. 1).

NG %= HG HjZ|of|A] RAW264.7 NIELE 5557k AP HY
et &, oot 59 P intermedia LPSE 7F5t0] 244
7+ ujeFsielct. HG 9 NG RRoflA] Fk o)EA 02 NO9
o] 718l o, HGolA 557 ARA wloket 510 yg/ml
O] LPSE 713t Al2EoflAl=, NGolA] 557 AP uljeRet Al
3zof wlsf, oF 1.64(45.7 vs, 28.3,M)2] NOE A/AJst9
THFig. 2).

2, IEE0| ZRIAT} BSIAIZ] THP—1 MIZOlIA
9| HEM cytokine2| AMofl O|xl= HE

ol THL A|EZF0] THP-1-S PMAR #|A|5}o] thalA|
2 I & NG E= HG HiAlolA] 457t AR vk
3t 5 TRt 520 P intermedia LPSE 7}3lo] 2447
HjoFsih, HG 9 NG BRojA] 5= oz o 11L-69]
AAo] Z71slg o, HGollA 457 AP Bt 5 10 ug
/ml®] LPSE 715k A|3ZoflA=, NGoflA] 457 AR wfjefzt
A|szof] vs, F 1.48(1.4 vs. 1.0 ng/m) 2] IL-62 AYA5}
ScHFig. 3). EJE HG % NG WFoflA F= o)Edow
TNF- 2] A4o] Z718190m, HGollN 457F AR o
gt ¥ 10 4g/ml 2] LPSE 71E AFEelAls, NGoJA] 457k
AP wljorst Aazel wlal], oF 1.58H(9.1 vs, 5.9 ng/ml)¢]
TNF-o 5 AH/J8lrkFig. 4).
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3. =X SFIAT} U937 MIEZUIAL| HEM AR iRt U937 MJEEollAl= NGOl 4553 AR wijot

cytokine2| ‘4dol| O|X|= F AZof] w3l oF 2,79(0,35 vs, 0,13 ng/ml) 9] 1L-8& AYA]
l9ickFig. 5). 3H, HGoIA 457 A wiokst & 10,
QA TRl Al2FQ1 U93T A= NG = HG WAl o/m19] P intermedia LPSZ 28t U937 A|EoA= A]

A0~ AR HiRE & 10 pg/ml| P gingivalis  710) Avlo] uwle}t HGoA Q] IL-8 Ao AAE| 27153
LPSE 7I50] 24A1%F HljofsliTt, Aol el wiek HG onf NGollA 4%7F AR Hjjokst AlEo] uls| oF 4 9]
A9l TL-8 Aol TA8] F7F=eH, HGollA 457t (0.49 vs. 0.10 ng/ml)2] T.-8< AAEITHFig. 6).
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Figure 1, The effect of pre—exposure to high glucose on Porphyromonas gingivalis | PS—stimulated nitric oxide (NO)
proauction. RAWZ264.7 cells were incubated in medium containing normal glucose (5 mM, gray bars) or high glucose (25
mM, hatched bars) for 5 weeks and then treated with increasing concentrations of P. gingivalis LPS for 24 h,
Supernatants were removed and assayed for NO, The results are meanszstandard deviation of four experiments,
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40
S 30
=T
IN
o)
4
20
10
| e s I S S I e i M S— S|

0 0.0001 0.001 0.01 1 10
LPS (ug/ml)

Figure 2 The effect of pre—exposure to high glucose on Prevotella intermedia [ PS—stimulated nitric oxide (NO)
production. RAW264.7 cells were incubated in medium containing normal glucose (5 mM, gray bars) or high glucose (25
mM, hatched bars) for 5 weeks and then treated with increasing concentrations of P. intermedia [LPS for 24 h,
Supernatants were removed and assayed for NO, The results are meanszstandard deviation of four experiments,
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Figure 3 The effect of pre—exposure to high glucose on Prevotella intermedia [PS—stimulated IL—6 production,
Differentiated THP—1 cells were incubated in medium containing normal glucose (5 mM, gray bars) or high glucose (25
mM, hatched bars) for 4 weeks and then treated with increasing concentrations of P. intermedia LPS for 24 h,
Supernatants were removed and assayed for IL—6. The results are meanszstandard deviation of four experiments,
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Figure 4 The effect of pre—exposure to high glucose on Prevotella intermedia [PS—stimulated TNF—a production,
Differentiated THP-1 cells were incubated in medium containing normal glucose (5mM, gray bars) or high glucose (25
mM, hatched bars) for 4 weeks and then treated with increasing concentrations of P. intermedia [PS for 24 h,
Supernatants were removed and assayed for TNF—a, The results are meansztstandard deviation of four experiments,
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Figure 5, The effect of pre—exposure to high glucose on Porphyromonas gingivalis [PS—stimulated /L—8 production, U937
cells were incubated in medium containing normal glucose (5 mM, gray bars) or high glucose (25 mM, hatched bars) for
0. 1, or 4 weeks and then treated with 10 ug/mi of P. gingivalis LPS for 24 h, Supernatants were removed and assayed
for IL=8 The results are meanszstandard deviation of four experiments,
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Figure 6. The effect of pre—exposure to high glucose on Prevotella intermedia [PS—stimulated IL—8 production, U937 cells
were ncubated in medium containing normal glucose (5mM, gray bars) or high glucose (25 mM, hatched bars) for O, 1,
or 4 weeks and then treated with 10 ug/ml of P. intermedia LPS for 24 h, Supernatants were removed and assayed for
IL—=8 The results are meanszstandard deviation of four experiments,
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