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[fBZE] By WAL 2 7= ) 3Z /K (receptor of advanced glycation end products , RAGE ) 7 2 % ### JR
9o G A 28 J] 98 DR B A R 2H 23 PN B A D vb ) 3235, R0 RAGE T WS JR 18 M 28 J&] 58 S i ALl oh i 46 T
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2R, Horb 1 MR SR R R GRDRE, 53 A0 1A RSRARAR Tk s HE 4 2B, e 15 H, i 2 e IR TR B - 2F A A
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[Abstract] Objective To evaluate the expression of the receptor for advanced glycation end products (RAGE) in
gingival tissue endothelial cells from type 2 diabetic rats with chronic periodontitis and to explore the role of RAGE in
the pathogenesis of diabetes in cases with chronic periodontitis. Methods Sixty 7-week-old female Wistar diabetic
obese rats were randomly divided into two groups. Periodontitis was induced in 30 rats by silk ligation, and the other 30

rats were used as the control group in which the periodontal tissues were not treated. One week after periodontal ligation
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and inoculation, the periodontitis and control group rats were randomly divided into two subgroups; the first subgroup
was fed a high-fat diet, and the second group was fed a low-fat diet. Thus, 15 rats per group were included in the high-
fat diet periodontitis (HF/P), low-fat diet periodontitis (LF/P), high-fat diet periodontal health (HF/C), and low-fat diet
periodontal health (LF/C) groups. Glucose tolerance tests were performed weekly to measure the fasting insulin and
blood glucose levels and the insulin resistance index to verify successful construction of the rat diabetes model. After
successful modeling of chronic periodontitis, the rats were sacrificed at the 13th week after measurement of the serum
necrosis factor-a (TNF-a), interleukin-6 (IL-6) and leptin levels. The tooth periodontal tissues were prepared and sec-
tioned to observe histological changes. Immunofluorescence double staining was used to detect the density of RAGE-pos-
itive endothelial cells in the gingival tissues of the four groups. Results The serum fasting blood glucose and insulin
levels and insulin resistance index were significantly higher in the HF/P and HF/C groups than in the LF/P and LF/C
groups (P < 0.01). The serum TNF-o and IL-6 levels were significantly higher in the HF/P and LF/P groups than in the
HF/C and LF/C groups (P < 0.01). The serum leptin levels were significantly higher in the HF/P group than in the other
three groups. The density of RAGE-positive endothelial cells was significantly higher in the HF/P and HF/C groups than
in the LF/P (P =0.001) and LF/C groups (P = 0.040). The density of RAGE-positive endothelial cells in the HF/P group
was higher than that in the HF/C group (P = 0.027). Conclusion Endothelial cells in type 2 diabetic rats with peri-

odontitis have increased gingival tissue RAGE and serum leptin levels.

[Key words] type 2 diabetes mellitus; periodontitis; receptor for advanced glycation end products; endothelial

cells; high fat diet; hyperglycaemia; leptin
J Prev Treat Stomatol Dis, 2019, 27(7): 428-434.
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IRAEY . VF 25 R Y] T2DM 5 2F A9 Z (R FE A
XLJ) G ZR 12, L g 114 P 7 24 9 ALl TR % 1
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B AL 28 72 W) (advanced glycationendproducts , AG-
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T RAEA BORIBEIfL/ATEE R G2 HAE L, A Al 9
R — 20 O S s MLBBONE 7 4728 A 28 P 3 A L 2 A Ky
G , IF H2A5 5 58 T 0 S NF-«B 255 5%
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RAGE TEME BRI £ 2 J6 58 ZF IRZH 2R b P B A %
RN OLRA EE RIS E L, CD31 3R /M-
N B2 41 A BfE 435 (platelet endothelial cell adhesion
molecule-1, PECAM-1/CD31) , 3 ¥4 4y 130 kDa, J&
TAPERRE SRR 5L, TR BRI N 2 AR h v
KL A0 o e b R AR TR AT,
CD31 FEI T4 N M ABIFoE i o 7
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1 #RFTE
1.1 %3 thFe £ 23K

SPF 2 i Wistar #5 s I JBE K Bl (Wistar dia-
betic fatty rats) W [ 71111 K 2% & 2= SC 50 5 4 s
2 R 0wk BB T (porphyromoas gingivalis , P. gingi-
valis ) (ATCC 33277 ) i BE R 27 1M I 2 e S 6
#2415 1 $T Rabbit Anti-RAGE (Santa Cruz Biotechnol-
ogy , %) , Mouse-Anti-PECAM1/CD31 (23 f§+- 78
N H]) 5 1T HT Anti-Rabbit-Alexa Fluor®555 Conjugate
(Cell Signaling technology , 32 [ ) ; Anti-Mouse-Alexa
Fluor®488 Conjugate (Cell Signaling technology, 3
) s DAPI(MP Bio medicals, 3% [ ) ; 5% JIk i 10 %
(streptozotocin , STZ) (Sigma, 32 [F ) ; ELISA i 7] &
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1.2 Fi&
121 S JESUR R & 22 4 1% 3/0 ToTR 224k
BT &A P. gingivalisATCC 33277 2 2 GAM 15 7 5&
(1 mg/L4EA 2 K1 5% LT e B 1) o, TIR
EEE SR (RBLU 800 80% N, 10% H., 10% CO.)
37 CHiFE S do
122 Sy or BRI sy 2l 60 H 7 il i
SPF 2 i P Wistar # PR AT JRE K B (b Ll R 27 3
Segrbn) BT RIEN  IRIR R, FiR 22 C R
J¥ 45% ~ 55% , 12 h G I S R0, 5 K o 48
TN FR S o AIESE TR s S g it BE R
KBNS g L B S ) SE SR AR R £

VA5 (8 Jiie ) , K R B it 2 241, 30 HORRUR
JH 58T ) 5 P S5 BRI (7.5 mg/100 g {7 ) , ]
R P. gingivalis T 1) 3/0 22 2816 KRS 4026
T SO AL, AT S5 S R
MEEFL 2 KIT UG, B H A P. gingivalis, B H R B
1 A A 1 A 4 A TR 0.1 mL, 239k FEZSFL)S
15 J8 B, B AR A A FL 22 2 1 IR AN Bl Y 22 4L
AL L. 535030 HAE R4, oF A A4 4k
B0 BREH Y Wt [) B FE AT R BAEL AN A ] 44
FLAL B, HEBR BRI A 5200

RS FLIF 58 AN TE 1SS, 23 00K 2 20K B
PP 24, o T HRSR = AR 'Y, 7350 1 IRy
JEok AR AR ok, R 4 A3y, BA 15 H
K B IR E -4 8 % 41 (high-fat fed-periodontitis
group , HF/P) ; G IR K B - 4 J8] 48 4H (low-fat fed-peri-
odontitis group , LF/P) ; =5 BB AKX & - 4 Ji {8 FE 2H (high-
fat fed-no periodontitis group , HF/C) ; IR f5 Tk & -4 Ji
{# B 2H (low-fat fed-no periodontitis group , LF/C) ,
1.2.3 AR XF R BRI IS PN T S AR AR T 2R
g Jo) I O LR DK s I I IR B 2R KT, DA
BEME R T 16 mmol/L A v ) 5E B 2 BUBE JR 5 , LA
I TR R PR S TN 73 a3 D
S T2DM 1Y & A o MR i s T I WE B =5 1 I I 3R 4R
bRt BB 8 RARHTHE B (HOMA-IR) , IR = %5 i Il
WX A MRS R + 22.5, (HIEVIN, dE—2L 0 2%
BUEAE o T4 13 AR AR SE 4 K LR , ELISA
ARSI 1L 7 A9 SR8 ] F- -« (tumor necrosis fac-
tor, TNF-a) . 1 40 247 % -6 (interleukin-6, 11.-6 ) . J&
2 (leptin) 7K, XK BUAT F B UOULEE 47 4 o] 2H 21
OGS 18 Ve A TR 6 O R ) IS AR FE R R
PEH S A 5 AR AT S

EHEEMEWR O ~ 4 CE&M T [H5E 24 h, 15% EDTA
JUREG W G 3 ~ 4 JH o B BE L BER K, U R
EAWKEM, P ELSES wm EAEY R
HE Ye o, 625 0GB T~ LA JE 4 22 iU
1.2.5 RAGE FHYE P Bz 41 i G 322 9 SR gL (1 41
LY R arrBRkEeE  DHuimEEA, 1 b
HLREEMAET T E 2, DAPLE LS,
YL WM B MEE . RAGE B S 5615 5 ML
B, CD31 BT S D E 5 A a B udt,
TS A, Rl — B Fa @t S aa
WL S G MG B U A A% (DAPD) B 31
RGO LI R R 2 40 B T T8O
TS N E S, S IR L& B350 i, 10
AR M E LT (0.072 5 mmALEF ) , X DAPI FH
£ 12 RAGE FHM: P K A0 i 54 73145, 2R A5 RCBH P 40
HfL 1485 B (> /mm?) , BCE- 2948
1.3 %t Foh

B UL v+ s B FRoR RG22 0 F SPSS
13.0 50 HrAb 3 . 45 2H 25 16 M 25 16 B K-
il 5 ZARBTE B TNF-a  1L-6 M98 2 /K- Kebn A4
21} RAGE BH: P 1 40 M- 1208 B 1) LA, Y8R
FriRs 3t 5 22081, K HH Levene 3 3E47 7 25 55 P
K, LA P <0.05 A ERAGHEE L,

2 &% R
2.1 2RI K RS ik o E Mk B KT
B By EIRAIE R AR

25 N I 25 I8 R 5 28 KO g B KB dR
BRI ~ R34 R BN mIE R B
A 25 I R 5 ROK V- B i R iR S e =
TR R B 4L (P <0.01) ; 1Ml HF/P 21 75 I B | 25
1 IR & 3R B i I 2 AP 4 Aot A HF/C 4 5 (P<
0.05) ; 1Ml LF/P 4 5 LF/C 4125 i i b 25 8 Bk 5 %
T B RARPLIN 22 5 RG24 L (P>0.05) .
22 KR AiF KEIARTEL

KR RIEFEIR L 4~ F 6, 45 BIR . 5
2 4 JE 4 BE 2H (HF/C . LF/C) A &, oF R 4 41
(HF/P J LF/P) Ifil 7§ TNF - o IL-6 7K - B & T &
(P <0.01), i = JR AR E - J8 42 246 (HF/P) IfiL 3 TNF-
o TL-6 7KF-FF = 5 A & (P < 0.01) ; HF/P 4L 1 %5
Y8 2 KA I T A 3 41 (P <0.01) ; LE/P 41 .
LF/C 40 5 HF/C 2 1L 35 98 %= /K P A0 [ 22 = e 4 it
EE U (P>0.05),
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Table 1 ~ Changes in the blood glucose levels of the rats in the

four groups X +s, mmol/L
KR P C e Flans Pl
HF 28.553 0512 20.125+0.255 24.343 +4.890 3301 0.033
LF 4256 +0435  4.655+0.147 44570443 0.468 0.361
FHIE 16412+ 14.046 12377+8.931 14396+ 11.108  15211"  <0.001"
FlanE 131.705 153.691 122498"  F=148.059"
Pl <0.001 <0.001 <0.001" P<0.001”

PR C T R U SRR A L RIE RS
2H 5 1) FERUN AT F AP AR 5 2) 28 AU Y FAE AP

R2 ARSI Z KT
Table 2 Changes in the insulin levels of the rats in the four

groups x*s, pg/l

K P C T Flinfi  PIH

HF 38583 +0.856 30.052 £ 0.623 34.223+5.040  11.538 0.001
LF 21351 0.652 20.823 £ 0.774 21231 £0395  0.654 0.549
T 29.968 +9.950 25.485 +5.070 27.727 +7.694  126.736"  <0.001"
FIE 116215 23.654 93.767"  F=132.909"

Pl <0.001 0.001 <0.001"  P<0.001”

PR C A R R HF s IR A LR AR R IR &
215 1) ROV B FAEM PAE 3 2) 38 HAOV B FAE A PAE

F3ORBUBRE RIPUIRE i

Table 3 Changes in the insulin resistance index of the rats in
the four groups xts

N p C FHE Fifi  PH
HF 5.902 +0.313 4.852 +0.231  5.376 + 0.605 5.156 0.030
LF 3234 £0.153 3.241 +0.184  3.240 + 0.006 0.523 0.875
T 4.569 + 1.537 4.047 0930  4.308 + 1.209 16.215"  0.007"”
FHiH 53245 13.854 63.362" F =33.552"
P{H 0.001 0.007 0.001" P =0.003"
PR C R HE i IR R LF R IR R
5 1) ERLN A FAEANP A ;2) S HARRL Y FAE AN P AH

R4 AQRBUMTE TNF-o /K
Table 4  Changes in TNF-a expression in the rats in the four
groups xxs, pg/lL

PN P c Tl FlEnfe Pl
HF 88.203 £6.821 40.122+3.254 64.163+39.651 174.548  <0.001
LF 61.614+£5.352 39.452+5.103 50.533 £22.458 164.243  <0.001
SEHIE 74.909 £ 16.672 39.787 £6.341 57.348 £35.784 171.432"  <0.001"
FEME 154452 3.753 87.724"  F=132.609
P{H <0.001 0.763 <0.001"  P<0.001”

P AR C A AR AL HEF : R iR IR B AL LR R Ik &
21 5 TNF-oc: R IRBEIR F-acs 1) ERON A FAELAN PAE 5 2) 28 LR
1 FAEFI P8

23 WMEFHERE
T o 2 JE 2 22 IS E e A R R A

R®S5 A4 R UL 1L-6 7K

Table 5 Changes in IL-6 expression in the rats in the four

groups xX+s, wg/LL
N P C THE FlEnfE P
HF 757535382 41.253+2.902 58.503+25.357  137.548  <0.001
LF 585843452 38.821+1.773 48.703+19.867 121672  <0.001
EHM 67.169+15372 40.037+5.141 53.603+22.683 142531 <0.001"
FE/E 119.436 6973 133.653"  F=157.913"
Pl <0.001 0.205 <0.001" P<0.001”

PR RYL; C R EREAL s HF S IR IR 4 LR AR AR IR
5 TL-6: AR -6 1) ERON 1Y FAE R P 5 2) 38 TN 1) F
{5 P{E

F6 AULKEUILIAZ AT

Table 6  Changes in leptin expression in the rats in the four

groups xxs, wg/L
N P C STE(E FllnfE  PfE
HF 18.632 £3.453 8453 £2.094 13.543£11.564 42.823  <0.001
LF 8231 +£3.153 6.243+2.181 7.237+4.873 3421 0.187
FHM 13.432+9.376 7348 £2368 10390 £8.657  36.432"  <0.001"
FIERE 34572 3.784 47.865"  F=28215"
P <0.001 0.156 <0.001"  P<0.001”

P RA;C SR E R HE S IR A LR AR
2H 5 1) TRV FAEA PAE ;2) 38 HARLNL Y FAE A P

By, HE/P 20 0] DL K B 98 i A MR , 256 b Bz 1)
R 5 184 B R U0 bR B R SR Ay B S, A R s T 1
FEFEAG (K 1a) o

LE/P 41 WA R b K 5tz , AL mT WA £
1) A& RE 240 MU 32200 I A5 5 8 00, A Al el Tt s 3
K (E 1b) . HF/CH (K 1c¢) K LF/C 4 (K 1d) 7F i
bR gE R SE K OF JE AT dEHES L 5E A R
WL e %
24 KR T RAGE M b 1 i 48 it bh Rk

20 A HR AL 20 RAGE BHM: P Bz 41 it 245 51 I
K2,

LF/P 41} LF/C 4 AX I/ 5 5UFE 43 A () RAGE
FHE PN B2 40 it HE/P 41 A HE/C 21 RAGE FHYE
B 4 R A5 E B 3G, Herh HE/P 2 RAGE FH P A
B 2 a3 hn s

S A AR A RAGE BH: P9 B 400 i 25 5 7 H
WK,

2% 1 5 R« HF/P 41 F HF/C 2 b RAGE FH 1 N
B2 40 M 3 N 8 LE/P 4l LF/C B B3 2 (P=
0.001, P =0.040) ; HF/P 41 7" RAGE BH¥E: P9 5z 41l fifg
BB W T HF/C 4H (P=0.027) ; LF/P 4H X
LF/C 20 RAGE FHYE P Bz 20 M % 5 22 S R 2
X (P=0415),
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R A R S 2 5 ¢« HF

d: LF/C AL, ZF R 8UR B B RJE . bar =5 pm
Bl SAKRRSAHHLHE 68 )5

Figure 1 HE-stained images showing histological changes in the periodontal tissues in each group bar = 5 wm

CD31* YL ft, RAGE Lt DAPI* ZilEY N HEE

LEF/P4H

2 A4 CD31 RAGE W A e DOt RIE  BOLIL R A B
Figure 2 CD31-RAGE double-positive endothelial cell infiltration as determined by double immunofluorescence

staining in the 4 groups using laser scanning confocal microscopy bar = 50 pm.
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KT AT IRALZRAGE-CD31 BHH: P K 41 i 2 1
Table 7 RAGE’-CD31" double-positive endothelial cell

density in the gingival tissues in each group x%s, |>/mm’

N P C FHE FlEAE Pl
HF 165702+ 15304 102.853+10.007 13408037348 153.654  0.027
LF $3350+5441  40.604£5771  46.890£7434 25869 0415
TN 10045664887 7145936643  90.485+52.854  529.036"  P<0.001"
FIEAE 431551 116.651 467.670°  F=649.612"
Pfii 0.001 0.040 0.001"  P<0.001”

P E R C SRR AL s HF : S IR IR 4L LR AR IR 1
205V RN ) F AR PARL > 38 BN Y F AR A P A

RIS 1

T2DM Fl A J8 5 381 02 2% AR e ) 18 1k 5 5
T2DM €& 8o N S e ) B2 W 2 — o AT
2 A B 525 3 R WL F R A R B L T2DM A7
W E WA DG . ZEMESE F JE 48 IEJRE AT T2DM = 3%
Z (BB 2R H A — A S e ] R X DA e AT R
RRZFR ., HAET, 76 T2DM 5 F J8 4 % & i iF 58 b —
2R FH Wistar K FR T2DM AL SR J5 38 3o 22 2k 45 L
BB AR A, XS PR Rt o
JE 46 % I 5 AR BT EL T2DM KR TR 1 . 7B
AHEFE T, SR FARLRL SRR bk A Wistar A bR AE i
KRS A R R SEI6 R B4 45 T = IR
AR IR & o SesrpogR 3], 5 2 4K i 5=
KEEE, 2 415 A5 R 5% (HF/P  HF/C) W% PR s JIE
K FR S M It A R 73 e 5 R /K- 34 A J T, HFY
P 2H 75 I8 b S 25 I8 IR 2R K SF W S T HEF/C
20 MR ME 35 2H (LF/P \LF/C ) 23 Ji§ i A B2 23 i g 1
FAKFPHZES TR ITEE (P >005) . RHE
H P. gingivalis 222825 L 78 JR R AL AY 1 B8 PR IR
JIE PR R B, 2F ] 4 A 5 oF Ji) e e 20 3R 8 R I b 1)
SR 24 A IS T R BR 0 B W, HE/P 20 388 LF/P 21
H 2 ] 9 SE 2 Al i W SRR I B ., HE/C ) LF/C
Y PR b e S5 R SRR OF SR AT e HE S B 5% A
TG AL,

FE BB ZARPUIRAS T, ML i 5 25 4 s g
PERFAG, 1 15 B AN AR PR I 38 i o 245X P AR £
PE 43 W6 BE 7 N R LA I BE B e 2 R R LR
T2DM "2, AT I JE 46 B T2DM B 3 42 5 i AEF R
WWIT A MOS0 A5 W 0 ks, HOR YT Ry AT fg
HLER R 28 J& 9 E 45 il 5 A0 J& I ) TNF -« K T
B, SE TR TR S RARHUAE ' AL W5
S PR AL JE R B, 2 2H v iR PR 5% (HE/P  HF/C) IfiL
T8 R 5 KO SOk 5 R AU s £t 25 T 2 4148

g W& F% (LF/P (LF/C) KL eAh, S rhoi g2 5],
5524 JE e BE AL (HF/C L LF/C) M L, oF A R 41
(HF/P J% LF/P) IfiL 7 TNF-o 1 IL-6 7K “F- B % T & o
HEF/P 25 1L 35 938 257K 7B sy A 3 41 . Rtk
P 0 AR PR 3 Ao 2 00T AR T DT R 2k BRIG
T A A 00 R E0m - Ak s, Ak —
AN I R R [ 2B BRI
FIHCHUVE R, 2 0 PR s £ 2 I T B & 2 KT
KR I ZARPUAE H 5 25 T, P A B e AR
it

I PN A RT3 0 A T A I A e
A ol — 3 RS R 1) 200 R 5 B R LY S N R B
SUIEAT ARt IS N R A AR SO LA 9 E 2
3 B B, A R E B N R A L R
Wl EE R Y E TR . DFIT R, RAE A A
PR AN A5, 5 B I/ B R SR A8 R R
N, 9 AE HE— 25 & J 7= AR ALBRNE 7 19 78 A 28 9 B
ML AL AT WG AR WS 5 5 T
PG NF-kB 5556 s PR 1, 5 |k 41 i PRI R 98 A
it — 2 B . RAGE J& % B2 BR 3 (1 K 1 P Y
— B4, f % AGE 18100, #F 57 WL 2 3] Ik 41 it
P9 RZ 4 A SF UL 20 B RN 0 WL 4N AR 34 ] 3R GR
RAGE"", Ui BHFE 98 4iF S 7 IX 3 A RAGE 7] 3 35111
EUIRE AT A A S 1) 0 A N FE ST B 4o
I AGE 7] i i H: 52 & RAGE X AILIA (1) Z 44 21
FEAEAA FERW . H ST RAGE 728 JR 9% 4 il
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