Mechanism for Induction of the Advanced
Glycation Endproducts Recepter Gene and its
Role in the Development and Progression of
Diabetic Microangiopathy

B&5:jpn

HhRE

~FH: 2017-10-04
*F—7— K (Ja):
*—7— K (En):
YRR

X—=ILT7 KL R:
FiT/:

http://hdl.handle.net/2297/9274




16 SiRKEEHREE A H1075% $15 16—23 (1998)

PR HAREAL R D A ) S A AR R R T D SRR &
BEFR AR/ N B E S AE, ERIZBT B B

SRR B LR R — . (BT | L EIR)
SRR BE R T (EFE L IR Ed)
wooHx B A

B R RAE LT B TIL BB ILAE b 2 LA T R LA 2L (advanced glycation endproducts, AGE) AHL#EIIZH
B s, HERFEAA L EEOBEICECEboTVE D LR SR TETWA, EHFEE/, AGE % T AR
L &7 % — (receptor for AGE, RAGE) %4 7% Hllld D HfES LA E| AR LB EAMGNATE, L2 L, RAGEH
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RAGE mRNA # s/, ThHDEFIZ&k > TRAGE mRNA OEEHIZHEEZITT, Lih»T MECBAE T O 5B
T EE LTEEOREIZLZ EEZLNZ. TNF-« LV —TANT V- MIZRAGEEHBZ WA EE, EHIZTNF-«
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7 Ry EOBTHEREHEOT 3/ L ERRNIZIUD
L, Schiff &, 7= FU{L&WERET, TOBRBRIITIED
ZASREEG 2 Bk, WSS NRIEE &0 ELEEOBEE
SHBEOWE, HBUBALKICAERY (advanced glycation
endproducts, AGE) # T 5 Z LA HBN TV 5 V(). 18
P [ 7 T T AR BE G LS TR LA oD <P LKk C AGE AY I L2
B, EREEN, BERBEMEIEEOREICR(Ebo T2 I L
PHESNTE LY,

X 5T, AGE # BT AMIBERE L+ 77 — A HEHE
Buvdi g9 & THAGEZANK (receptor for AGE,
RAGE) (02) id1992 4 Stern Lz koTru—r 78N
7~ AGESHE KT & Mk 2 MENEMIELZ ey %
R, TR EoRA ZHIBTRELTE DY,
R B L | A B0 7 B R T o R Py e e I
BIMSTA2ZEFELNEL-TE TWwaY 0 Lal,
RAGEB{ZFORBAHOF FREIC OV TIRIZE A LWL R
TR\,

7 CARBIETIE, WMAERY VRBEFEMEEH T
RAGE R {ZFORBIZRIZTIESELEF (tumor necrosis

TR 9411 A 27 BEA, FHI104F 1A 3HEZHE

factor-« , TNF-o), 17 3-ZA T ¥4 —, AGE) W~ FD
BT B RE L7, 8512, TNF-o 12 & 0 F R A i
O RAGE & FI A 55 2 n 72 40 T TAGE L & 2 Mg O3
FEENHAN R AT S LB 4 &) Ao T AR E AT, BEIR
PRI & TR ML 00 822 B 1T & AGE-RAGE RO
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1. AGE MRS

W Qi 7 V7 3 > (bovine serum albumin, BSA) (77 7 ¥
3V, IEWifsARE, =~ FF¥F2 A%, Boehringer
Mannheim GmbH, Mannheim, Germany) % 500 mM 7L 2 — A
A air10 mM Y v BREE /L B ANK (phosphate-buffered
saline, PBS) (pH 7.4) &£ 37 CCHHEHMIZOEM A > F 2=
gy L7:0, 20%, B VEES V- ERIL, N
81 vk 7 7H—AAHF 5 CL4B (Pharmacia LKB, Uppsala,
Sweden) 7 U< b7 T T A — TAGE 1t BSA % R S BSA D &
SHEL 7. B5rTb% SDSPAGE T, F /HFRILK, IR
SRR THRBRY, HUAGE-BSAEGOEFIRE T

Abbreviations | AGE, advanced glycation endproducts; BSA, bovine serum albumin; NF- « B, nuclear factor kappa
B; PBS, phosphate-buffered saline; RAGE, receptor for AGE; RT-PCR, reverse transcription-PCR; SSPE, saline sodium
phosphate ethylenediamine tetraacetic acid; TNF- « , tumor necrosis factor-alpha.
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Fig. 1. The Maillard reaction between glucose and proteins to form AGE.
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Fig. 2. A schematic representation of the structure of RAGE
protein.
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Y URER & WG L AR A AR R L AR
& F I R ML (Cell Culture Laboratories, Cleveland, USA), 100
U/ml_= 2 1) & (HERESE, ABK), 100 pug/mlA +L 7 bvA
VY OIS AT SNy TS — ZIVER (H KB
B, BE) ICTHEEEL 72 95 %L ROMIEY « BT 75
Rt C R IR & e & oz,

IL. DNAD{EHEER

1. 754 —-BL7Tu—-7

RAGE mRNAMHH 77 4 <—, 7a—7& L TUTDAY
TFFEFVYRRX 7 LAF FEHREL, 74277 354 Nk
2 & ) DNAAB3EE £ 7)1 392 (Applied Biosystems, USA) %

AT IR LA, A ) TF4 ¥ U HER 7 LAF N
OPC # F 4 (Applied Biosystems) TH# L7z, 77 1 v —Oiff
HPHE 5-ATGGAAACTGAACACAGGCC-3’' (RAGE-U: ¢cDNA
15 150-1699% 26k s) & 5-CACACATGTCCCCACCTTAT-
3’ (RAGE-D: [7435-416% (24} 5), 70— 7 OB HIE 5
GCCGGACAGAAGCTTGGA-3" (RAGE-P . [ 167-184" {Z&}E)
THhb., 93T F/mRNAILKTETIA—BLUT
o — 7 OfitH)iZ Nomura & PIz{ig - 7.

V. ¥RBNADOSBE

HE & O 41 FCRHE L 7255 R i A 5 Chomezynski & o) )y
P T Ay (2 F U=, WD R TE
RNAZMIHER L 22, Tabh, FT177 2236720 1mld
T A Y R NAGEMTEA M, 02 mlo 7Tkl A
AINATHML <L, 4T, 12,000xg 12T 1550 fld- L L 22,
SE FEENLA TR = L& 05 mIA TS
SEIIRGE L, 4°C, 12,000xg 10431 0340 T RNA & {L#ft S 72,
LMY A TE% Ty — NTPEC T LA B, R K
pp L g A o R LR L

V. HBEE- KU A Z—EEERIC (reverse transcription-

PCR, RT-PCR) & ZDEMO Y4 > 70y MEEHT

GeneAmp RNA PCR # v I (Perkin-Elmer Cetus, Norwalk,
USA) #HIvy, FFHRNA, HHWVIEFRY Q' RNAZ M E L
TR 312 TeDNAZ A% L, 2V TRAGE mRNA [ZF %
W75 4 <v— %M\ Tag DNAK Y 2 F— ¥ TcDNARH
Bwas L7, BUBIZIEDNAY — < V41 7 — (Perkin-Elmer
Cetus) #fHfI L72', MIBENE2% 7 I — A7 VIZTHER
ikB#e, +4 97 1% — (Amersham, Buckinghamshire,
UK) WKIEE L, S CEE LA, 7108 —%50 %L
LTI, 5x [BE—) VBT M) YL F LY UT IV
Wi (saline sodium phosphate ethylenediamine tetraacetic
acid, SSPE) ], 5 x Denhardti (0.1%#) ¥=—l oy F
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A B >, 0.1%BSA, 0.1%7 ¢ 2—), 1%SDS, 500 pug/ml %%
1000} 4 5 DNA (Sigma, St Lois, USA) & % 5 i C50C, 4
BERRT AN A 7 ) A ¥ a v 88778, 50% ARV LT I F,
g [ /{G O 5xSSPE, 5 x Denhardti, 1% SDS, 500 pg/ml 24 7 ¥+
§ 100} /A . DNA, “PREHA ) TR 7 L4 F K7 10—7 10 pmole b 7% %
g f BB T50C, 16KENI Ty A E¥—var &gz, 7o
g 5 / /& — 7HEIZ13, DNASKMEM T v b (EilE, =8) & [y-
5 10F ’/‘/c/. 2p] 75 v =" v (NEN Research Product, Boston,
“ USA) 24 L7129 AT T4 €=k, T40F—
[ % 2xSSC, 0.1% SDS I THIRT 155 Mk L, 80T T4 — b
T T . FIFTTT A= EATo7z. VT F VREOWE G A A A A
Template (ng) Cycles — Y7+ 4 #—FUJIX BAS1000 (B+7 4 V4, iEH) TFF
Fig.3. Titration of RT-PCR signals in functions of template 2R,

amounts (A) and of cycle numbers (B). (A) O; 25 cycles, 4, V. RAGE mRNARTEME DB
30 cycles, [; 35 cycles, X; 40 cycles amplification Qf pol.y(A)+ b - 2 B TNF- « (Collaborative Research, Bedford, USA),
ﬁﬁ&fig %e;svl b ;Ogyglgig.m“%gﬁes fﬁf}}‘&?{& :sf 17 -2 X b9 954~ (Sigma, St. Louis, USA), AGEBSA < &
were amplified. @; 300 ng, A; 500 ng, l; 1000 ng of total % RAGE mRNA #H 05 FHEMEW L 22T L7200, HMH
RNAs were amplified. FIZ51F 5 RAGE mRNADFEM % EL 20 Tabs, B

R4S % 100 ng/ml TNF-a, 10 nM 17 3-T A b5 ¥4 =, 2
mg/ml AGE-BSATETE, JETRFE T TARFMEE2E Loth, RiGR

TNF-o
0 1 25100 ng/ml

B
RAGE
5
p-actin
- 4 3 (]
17p-Estradiol —
0 1 101001000 nM - -
RAGE < a
z
E
p-actin w2}
E:t ] ] |
AGE-BSA 1}
0 05 1 2 ma/ml
RAGE ‘ i
0 L ' 1
B"actin 0 1 25 100 0 1 10100 1000 0 051 2
TNF-o (ng/ml) E, (nM)  AGE-BSA (mg/mi)

Fig.4. Effects of INF-«, 1743 -estradiol and AGE-BSA on RAGE mRNA level in pericytes. (A) Dose-dependence. Pericytes were incubated
for 4 h with the indicated concentrations of TNF- a, 172 -estradiol or AGE-BSA, and then poly(A)" RNAs were isolated and analyzed by
RT-PCR. (B) Quantitative representation of the RAGE gene induction. Data were normalized by the intensity of j-actin mRNA-derived
signals, and related to the value without additives. E,, 17 3 -estradiol.
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[ 10ug/ml 7 7 F /<4 D (Sigma) THEEEESYE
7. OB ERE I ICHRRNA L SHEL, EEMRT-PCRE
12 & » RAGE mRNA & % Jll% L 7=.

W, w4270y MEICE 3 EEMRRAGE ZH DK
Az il % PBS CTHE T4, MM LRE I (10 mM PBS, 1%
Nonidet P-40, 0.5% 74 ¥ 2L — k, 0.1 %SDS, 10 mM
EDTA, 1.5 mM MgCly,, 2 mM VY NF I+ b o4
(Sigma), 50 mM NaF (FIJG#E#E), 10 mM Yoy yEEF Ny
2 (Sigma), 1 ug/ml 77’0 F = (Boehringer Mannheim
GmbH), 2mM 72—V AFNVANFZNTOT LT
(Sigma)) T LL, 4°C, 300xgiZT15MEL LA 20
#, Bradford 2 CRLLEFEOEAERZ LTV, 30pgHHY %
12.5%SDS-PAGEEIC TEAKB L, = Ftotro— A
(Amersham) {255 L7z, = b Bt o — A% 5% BLIEH AL &
#0.1% ¥ 4 — ¥ 207 Tris AT 16F M 71 v % > 7 L7
%, 5pg/ml $i2 P RAGEE / & 0 F — Lk (GHKFEES:
A L W) Le0AHMERTRIDE A, EH1
200045 1A L 72T S UL F F L ¥ — Rt~ 2 4
L7 7a7 ) yiifk (Amersham) % k¥ifthe L THIRT60
SEFEREE, TN AMrIVI Ayt A (Amersham)
ECHEAE AR LI L2,

VI. EMREBOEE

MBI A 24D Y 5 AY—54 v a (Costar, Pleasanton,
USA) |23 HBIRIERIZ0.25% M) 7 »TH#L, 0.17%
W/v) MUY T —F ELREBTHER L MERET RN E AT
AR EE LY.

54 #*

I. INF-a, 17 B-T X T VA4 —Jb, AGEIZ & 3B #HA
RAGE B{EFDHIRFYE

TNF-q, 17 3-Z A b F ¥4 — )b, AGEFFAE T CHRKMIEN
RAGEB{ZT- OB LD & 5 1241b§ 5 7 % £ &M RT-PCR
HIZTHRE L7z, 9, BRI L O 58 L2 #RNA, R
(A)'RNA #8551 & L TRT-PCRIEW D o 7 F Wi % §h T &
FA 2 VEICH LT Ty b LY, S Rl S RT
PCREIEDERIE i L7z, MSIZRT L I12, MRNATHE
BlE L7248 RNA R 1000 ng LU, 44 7 VER45 AN, K1)
(A)RNA % G5 & L 72854 RNA® 50 ng LLF, 4 7 L4011
DA CROBA AR ET L 20T, UFOYER TIZH RNA
8300 ng, 1 7 VE35dH B IEHE Y (A)'RNA & 30 ng, ¥
4 7 WE30E &) & TRT-PCRIVIE 45 72, N RO
B-T 7 F » mRNAMI RS D AR BRI D & IR
RNAE:300 ng, ') (A)'RNA®E 30 ng, MIET 1 71205
FCcfr-7e.

BRI A A OREDTNF-o, 173 — TR M7 4 -,
AGE-BSATEAE F T4M MR, R QRNAZSHEL, Lid
DL FTRI-PCR % T o 7o R %2 M4 12/RT. TNF-«, 17 3
~TRZFTFIF =, AGE-BSAD VT NIZL > THRAGE
MRNA L XU ATE2ZENRRVWE SR, £FAEN100
ng/ml, 10 nM, 2 mg/ml DBEETRLIFEINL. ToL
BIERMA B O#3-4fETH o7z, DEWZE -2 EE S LK
B T CRAGE mRNAFEORBELEZ T/ ZOKE, R
5(2R T X )12, TNF-a, 17 g—E X b 5 ¥ F—)l, AGE-BSA
TN 4-8BE % I RAGE mRNA LNLIZE— 27 1ZEL, h

FRABOF3MFmICHEEI NS, 3-T 2 F 2 mRNAL ANV
ERBEBLCAETHH 7.
I. RAGE mRNADREMICRIES TNF-, 175-TX +F
T F—Iu, AGE DIR
TNF-a, 17 f— XA b7 I 4 — )b, AGE-BSAIZ & % RAGE #
GFEHFEOS BT S22 b0, FEEMEE 100
ng/ml TNF-«, 10 0M 17 8 —Z A S I F —NdH B \iiE2
mg/ml AGE-BSAZEFE T2 4 W%, 77 F /<343 »D
BRIMLT EEEEL &Y, BREHNIZHRRNAZ S L CER
B RT-PCR T4t L, RAGE mRNA L NIV DR A H & e i 4
ROz, FOHFE, H6IIRT I < RAGE mRNA O£l i3
VTR OBAET b 90-12050 T & 0 JER MK IO A= (100
3 EOMICEEZIRD b b o,
M. INF-a, 17 f—I X b5 *—IZ L2 RAGEEAD
M
TNF-«, 17 g =T 2 } 5 ¥4 —IViZ & 5 RAGE mRNA ##
5, EBIZRAGERHDOMMNE > T ENEIPE T LAY
YTAYF 4y FEIZEORE L. FOME, H7IRTH
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Fig.5. Time course of RAGE mRNA induction by TNF-«, 17
{8 -estradiol and AGE-BSA. Pericytes were treated with 100
ng/ml TNF- «, 10 nM 173 -estradiol or 2 mg/ml AGE-BSA for
the indicated time periods, and then underwent poly(4)” RNA
isolation and RT-PCR.
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Fig.6. RAGE mRNA stability in pericytes cultured with or without 100 ng/ml TNF-« or 10 nM 173 -estradiol or 2 mg/ml AGE-BSA. (A)
Southern blots of RT-PCR products. Pericytes were treated with these compounds for 4 h, and then with 10 pg/ml actinomycin D, and
further incubated in the basal medium containing 20 % fetal bovine serum for the indicated time periods. After incubation, total RNA was
extracted, reverse-transcribed and PCR-amplified. Lower panels show the signals derived from 3-actin mRNA. (B) Quantitative
representation of the RAGE mRNA levels. Data were normalized with 3-actin signals, and expressed as a percentage of the value at the
time of actinomycin D administration. Bold line and —@—, pericyte culture without additives; thin line and ==, TNF- ¢ -treated culture;
dashed line and -l , 173 -estradiok-treated culture; bold dashed line and «{]+, AGE-reated culture.
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Fig.7. Effects of TNF-« and 1773 -estradiol on RAGE protein
contents of pericytes. Pericytes were treated with or without
TNF-e or 173-estradiol for 24 h, and then lyzed. Proteins
extracted were electrophoresed on an SDS-polyacrylamide
12.5 % gel under reducing conditions, and subjected to
Western blot analysis using anti-RAGE monoclonal antibody.
Lane 1, negative control; extracts from pericytes cultured
without additives were blotted and processed by the same
visualization procedures except for omitting the first antibody.
Lane 2, positive control; recombinant rat RAGE protein
expressed in Escherichia coli and run in parallel. Lane 3,
control; extracts from untreated pericytes. Lane 4, 100 ng/ml
TNF- « -treated pericytes. Lane 5, 10 nM 173 -estradioltreated
pericytes. Size markers are shown on the left in Da. Arrow
indicates the position of RAGE protein. The upper band
probably represented non-specific binding.
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Fig. 8. The effects of TNF-« on the AGE-induced decrease in
the number of viable pericytes. Pericytes were treated with or
without 100 ng/ml TNF- 2 in the presence or absence of 1
mg/ml AGE-BSA for 4 days. Each column represents the
mean value of viable pericyte numbers of 6 independent
determinations; vertical bars show SEM. * p<0.0001, compared

to the values with 100 ng/ml TNF- « (Student’s £ test).
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Abstract

Advanced glycation endproducts (AGE), non-enzymatically glycated protein derivatives formed at an accelerated rate
under diabetic state, are thought to play a central role in the pathogenesis of diabetic vascular complications. Recently, a cell
surface receptor for AGE, termed RAGE, was identified and has been implicated in various cellular dysfunctions. The
regulation of the RAGE gene, however, is not fully understood. In this study the author investigated how tumor necrosis
factor-  (TNF- ¢ ), 17/ -estradiol and AGE ligands affect the expression of the RAGE gene in bovine retinal pericytes, one
cellular constituent of microvessels. First, TNF- «, 17 -estradiol and AGE-BSA were found to increase the levels of RAGE
mRNA in dose-dependent manners. Second, the half-life of RAGE mRNA was not significantly changed by the TNF- «, 17
3 -estradiol or AGE-BSA treatments, suggesting that the induction is achieved at the transcription step. Third, TNF- ¢ and
173 -estradiol actually inceased RAGE protein contents in pericytes, and fourth, TNF- « enhanced the AGE-induced
retardation of pericyte growth. These results thus suggest that TNF- « , 173 -estradiol and AGE inductions of the RAGE gene
may augment the AGE actions, thereby contributing to the development and progression of diabetic microangiopathy
exemplified by pericyte loss.



