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Abstract

The advanced stage of the glycation process (one of the post-translational modifications of
proteins) leads to the formation of advanced glycation end-products (AGEs) and plays an
important role in the pathogenesis of angiopathy in diabetic patients, in aging, and in
neurodegenerative diseases. However, it is still not clear which AGEs subtypes play a
pathogenetic role and which of several AGEs receptor mediate AGEs effects on cells. We have
provided direct immunochemical evidence for the existence of six distinct AGEs structures
(AGEs-1 to -6) within the AGEs-modified proteins and peptides that circulate in the serum of
diabetic patients. Recently we demonstrated for the first time that glyceraldehyde-derived AGEs
(AGE-2) and glycolaldehyde-derived AGEs (AGE-3) have diverse biological activities on vascular
wall cells, mesangial cells, Schwann cells, malignant melanoma cells and cortical neurons. We
also demonstrated for the first time that acetaldehyde (AA)-derived AGEs (AA-AGE) have
cytotoxic activity on cortical neurons and the AA-AGE epitope was detected in human brain of
alcoholics.

These results indicate that of the various types of AGEs structures that can form iz vivo, the
toxic AGEs (TAGE) structures (AGEs-2, -3, and AA-AGE), but not non-toxic AGEs (N-
carboxymethyllysine, pentosidine, pyrraline efc.) are likely to play an important role in the

pathophysiological processes associated with AGEs formation.
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41



10 oWk &

7o, IR O EEER L CHIIE 2 FE 352 L, 3) RUERLOMELY, AA-AGEN
TN 2 = WARLEFEBR A R OV T v 2 — VR HABANICRIE L TW b 2 WS e ko
"CU‘Z)40-42)0

SERISEED H AR FRICBWT, [TVI—VOSEMINIFERZET L] Lo
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LRI & D AA-AGENEHL I NG DY, TOAA-AGEIZZ N F THIS LT 7zacetaldehyde-
protein adduct (FiL Z OFEiEHN-ethyllysine TH % Z &G Siz) &8 4D, BRIl
EEA R, FISHOEIRFMBE OB CELESI NS Z 26, T a— WIEIFEEEOFAE,
R C B S LTw B TREEARIE STz,

S 51T, L TIEATGEEOWCKLIZE W, BRI, SIRIEZ & QAT E 2 H %I
TV a— VERRIITEIF % (nonalcoholic steatohepatitis | NASH & &) B oA a1
ENTW5B, F72, NASHIZHBEFEMIZ 7 Vv 2 — V% (ASH) [CEBLTH Y, FBly
7B E 2L SN TV R WOPBIRTH %,

Z 2 TNASHEZ OMHPAGE 2R 2w L7/, FRAMEIZO N2 05, AA-
AGE & AGE-28ifh 7 Fl v 72 sk de i 12 X 5 ASHENASHO B # L L T 5 (55240 7 Vv
O — VEFAEY A AEFHEERE, P64 3 H)o

7. EAERNAGE-2&RRIROHEE

P EDORRELY, ERNTEREIN LA 2 AGESD T TY, $HZAGE-22E 4 oMy
DFSE, BEOEREFERE 2o TWDE I EAVRIBE NIz, TN T, AGE2I3AEMANIZBWT
ED L) BREBNSER SN 0 EHELEL TAh,

1) =D HORE LTIE, ZVa—20FFMRBRETH 2BERORFAKE LTERT
B27VENVTNTe F—3 -V yEE2S, FRERWEIY YBtEzZI T eV T VTR
ROSHEEA R T 2 REHEAEZ DN D,

2) “OHOBBE LTIX, SERGHEO TV F—AR TN T b FF—EOIEHIZL Y
FFINVT b=2-1 - VBIRH#EIR, TZOBETVIFS—EBOEHICE) 7Y &N
TIVTE RPERT BN E 25N 5,

3) ZoHORHELTIE, YIVE P VRERHTERINE 7V F =D Lo 2 f
OBFEOMGIZEY, Z)EVT VT FEAERTIRENE L 5N 5.

ZOENZLTERLZZY) VT VTR RIE, 5THICY YBEZE LW, Mk
%l U CHIRaA S, R L, MRS ORAE & SIS L CTAGE2Z T2 L E 2 65,
o T, AEMIEH O 72 AGE-21%, MBENIMIBWTERT LI EPEZBND, EBIC,
TV NA = — 3 HEE AR R P R M SR I RS A L N AL C D AGE-2D JR fE AR S T
Wb, F72, MBS L2ZAGE-2i%, RAGEZ 4t L CHILANEIL A b L AZITHEL, Fl2
70V 7vFe F-3 -9 VERBKERHEFE (glyceraldehyde-3-phosphate
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dehydrogenase : GAPDH) OiGHHK T2 &, MINZ ) £V 7V 7 FOE &% s
B, FERIISHIRNNAOAGE2AEMEE S NS L E 2 5N b, FEBIZGAPDHIEREOIK T I
TNINAT—JF, NrF ¥ N UREOMBENRETOME SN TV L, o T, HIMKES

WCEB7) VT T FOBIME, AGE2RKOMA, GAPDHOWEHR TIZL 2 7K+ —
VAFBERY, EH%BTVEVT AT FEEOMA, Lo BIFREZTIESREITEW)
CEHTFHEEND. MRS BT 5 AGE20 LV — b OB E, [ 413573,

I, 59 M OMonnier® Z )V —712& 0, ZU VT IVT FHRAGEsOREEHFHH X
NEZUD L WFRHE Y Voo ABHEALTBY, 72, BNOZV—THRELZZY 3
— LT LFE FHEAGESHE S ¥ Yowagikaz AL ThBY, s 3iEs ks
PLLTWB T, BIRDSH-ND, 7272, TILo OREENEBRIEARNTERD X 9 RiEHE
Hail &R 300, 25 VIZRAGENOREGWEZHTLD%, F72, AGE2X NAGE-347%
PURTHRMICRR SN O0E, FEANLET L, B bMEAPLETH 5,

L
::‘ . ‘\;J
AGE-2 - o
RAGE = .
|
J..F-.Il-r:|—:. o S E =i e TS o= ":"
+ )
i g :i: l dae-2
e - I T ST T N
Ji-F =3 il

SilEiLTFIibTFE F

RAGE : receptor for AGEs (AGEsL 7% —), ROS : reactive oxygen species (ifithE#4d)
GAPDH : glyceraldehyde 3-phosphate dehydrogenase (7))L 7V 7 K 3-U ¥ EEBK#ERR)

4 EARNAGE-2A:pfE i

8. TAGE (toxic AGEs) /mEAE
KAeDINT TOWNEREEL2EZOGDLESL L, EANICHEITHAGESEE UG, B

FRBBHOSD—2 & L CRFICHEELR AN 2 EReH-oTwHab0EEZ LN 5,
Ak, DNA LOBEEERICHE o TR S N7zEEEE, BESAINZ% & OB ROL & %% T,
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EPEH 23D 5 IORRT 5 2 MO NTWE, &2 A7, AMENIZEB W TAGEsD Hi bR
WHTHDLT VT RV D IVERZNWALEWOREEDIE R L72IRE T, EAErI s ok
EWERISL, fix ODAGESHEEDTER SN b L shb, 5, CMLRE S V4
OEWVER % 78 & 72V non-toxic 2 AGEsH i DKL, KInEOFEWT VT FEb&Y %
ko v 7 UCTHERBEICEEL T  EE2 50, —F, AGE-2, AGE-3JUFAA-AGEE D
toxic AGEstii (TAGE) (&, 4 OFHOSRE, MEICHEFICERICHEG LT I e
REIN5 (K521,

RO X, EERNICHFAEL, e OREREOBERN ZHBRWE L 2> TbHAGEs%
“TAGE (toxic AGEs)” &%, CNHOEEBEDRIE, EREICBIFS “TAGERNH" %
BB 2ICE>TWDY,

DNAD B =1 #R

mRNAIZER &

| non-Toxic AGEs | @— EBEIHR — & i — £EAEA

N-HARFLRFAY P (CHL) - ﬁ (g =)
N-BARFLTFAY DL (CBL) VT
N-=F Y T (NEL)

° 17— D
iR e TAGE AGE-2 (JU£LTILTE Kis)

. AGE-3 (JYa—)L7ILTE FEE)
(toxic AGES) | AA-AGE 7t r7u7t ra%)

,/,/\\\

[FLa—&FE]| [BREEEE | [BERADEEHE]| [BBORRE - &5 |

fpEE FILYNAT—I" HRIEE EUEAE
FFiEE FEME BRI RE LA B g

N—=F YR HREE

o4 YITzb - J

Pl EhAREE 1L G
X5 HHEMEREEORAE - EREICBIT 5 TAGER R
9. £&&

FWETIVIIBWTIE, AGESERMEREOFELGRLAGEsD L7 ¥ —~OfEEHEIZLY
FRCEMREEOE, ERSZ O TEY, SR TAGERENEEHEREOMIEL & N
R Co “TAGEBNGH" OGS MEBIZSND,

— T, FADPHFEINIL TV D I —FEOERMEK, AR—2 8 7, FBERIE,
BT M F v FAEOMBAGTINE, ZROAGESPZTEINTWLIEDBWSNERoTET
Wb, FELLFKAOEAFEEFESBEREZIIZRL VA TREND Y, 4%BIENNK
P (TAGE) 7217 CT% <, AWM (BEEGE¥R) AGEsOERUI S T ICHE LR E 1 2%
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WMRDORHDOLEMNZ 2 ZITRET 5o

AWEFEIE, ARARRFESBE =N - RSl X U, TTARKRRFE S - HH
W, LB R R T NRY - Nt e, IR - KEPEMESE, FRENE -
B AR Bz, R R AL - FIERE—ERBh T, ALIRER R R SRR e 5 - 5 RIS ;L O
fle 2 RAGEB T, GARTRZFR R — B - S ARG AEIZ, B TR R SRR v
Y — « WRRTEIZ, SRERRFEILERNE - SRR EIE, SIRKERER S AL -
WA HZ, BURRIF O R R R 2% 8 40 T- 38 B4 - BTS2, TS KSR A0 RE 155 I
o BIEIHEIR S L ORFEFIZEIC L VFETINZLDTHY, T ITERBHHLT T,

72, RPICBOTHICHIZEZ FIT L T ML BEAGEY V— 7O RFBE (BhAR
HF (2000445 77), MR T (20024845 7), EIRFES (2003445T), AHkFES (20054
BT)), 4EXRFERE GultT, SAETF (19974F), BIlETEsE, AWOLHR, L
(19984F), MAAZE, ML, ML T (19994F), #0T, EAREN, EHFeE
(20004F), /NPESR, FEEFEE (20014F), T, ARFIBEESE, BalLTR, AMFES (20024F),
PR, W Lo (20034F), FHPNME T, FBAE, #ILKE (20044F)) KOW%E%
PR— b LCHE T L2ACFEE0BMYE BI04, EREFEsEdz, TESE=0hER, K
BITBFE, R TFIOR#HEL 5

IR, RWFFEOFITICH720, LRERZFNIIZEBK (1999-20034F) Z ik Lo, XFHA
BHIFEE (1999-20004F © 2&4% (B) B, 2000-20014F © 2&48% (B) —#%, 2001-20054F © FAI. KEEN
U F v —WFFE RIS G S ), TR R (19994F), RAFRHAIRELY MBI 4 (19994F),
K /N VR PR B B 4 (2000-20024F ), dbBepe s PE b€~ & —Biii4 (2001-20024F)
B O3ED S O et 4 (S8 MR, IIZHEE R, HRR=) Y F—14 v g
A (BR), whUMESE (B, BRoOFE Bk RS v —, (Bk) SHULSEMGeT, Kig Bk (k) ,
B =F LAMLES A 8= —, ) VoA - T2 T, bk BT, ()R
) O EZI I EERL, P TEHEILE T,
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