Clinical Implications of Glycosylated Low Density
Lipoprotein-Evalution of an Affinity
Chromatography System for the Determination of
Glycosylated Low Density Lipoprotein and its
Role in the Development of Diabetic Angiopathy
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ELELEE) REHDOBERNER -7 74 =7 427107 h
757 4 — 12 X 2HIBEDORE R & CICHERFSE
MEBEEELERENDERE I DV

SERAFEFENRIFEER/E (ZE  TEREEEE)
® H B E
(PR 3 2 B18HZEAT)

B{LELE Y KB (glycosylated low density lipoprotein, G-LDL) »S#RFE M MEBELRIZ
RTREAERNTIENT, BIRBT 742742707777 4 -k GLDL OFBER
WL, BRFEBREZEIZBT S GLDL #fIELE:. BEO2EB7 74T 4207 b7l 774 —OFREIR,
EESERENCELENG L, 1-F4*FY 707 by (deoxyfructosyl) FEfkr kb, Z0OFEH
BIZEENZ YR —F 44— (cisdiol) HIZ 7V H VERPCIE> KRB L TN L EAE2EIHE
RESHTWE, PHOI—RAS N7 2 == VIEIRBEEELT7 I/ 72— LI RRT Vo —
AFENEDT A (Ry FEE0.7X5em) ZFEL, 0.25M ErEE7 > € =27 A, pHI.0 THHEHLL -
%, BHEY ¥EH (low density lipoprotein, LDL) ¥ 2L GLDL #REFS®72. &5
0.25M BEBR 7 > E = 2w A4, pHI.O THF AIREF L LV LDL £V L, Wiz 0.25M EEfg -+
Yawi, pH5.5 THREL/ GLDL #@H L. GLDL 0SB =ER Tk, &ML
LDL HEORELEICNT 2, BREBAHSIN-EHEOL %K GLDL & (%) 2HHL:. EL&
it Lowry B CHIEL 7. VA2 b—RRYRA-—F 44— 1ErR bbb, BORBLBELTELLEEGHK
EERM, BIFMT 7427470787574 —TEC-7 07 b —ADOKREEEDS8.9% v 53 B
N7z, SBEEANT: LDL 43 G-LDL THB Z iz F4 LY — LB (thiobarubituric acid, TBA)
Bk o THRENS. ALY "C-G-LDL TIRHEHENDT0% xS sz, TBA ke OEEMD
FE S BIF (r=0.914, p<0.001) TH-7:. FERKBE (diabetes mellitus, DM) 4761, THEREREEE
(impaird glucose tolerance, IGT) 1341, @& % (normal, N) 172 R LT, BIRBRT 7 1 =
F42u<= bl 974 —12T G-LDL #8EL 7. DM #0D G-LDL {# (%) (FHfE +1EHRE) 136.8
+0.3% T IGT BD4.8+0.2%, NED3.9+0.3%CHLAE (p<0.001) KHETH 7. £
G-LDL {# I35 B o ZSHgrsmEsE (fasting blood glucose, FBG) (r=0.59, p<0.001), ¥t~/ ot
> {B (hemoglobin A ,HbA ) (r=0.28, p<0.05), & »iZ 1 EME#ATD FBG (r=0.51, p<0.05) £ HFEK
FEEEL 7. #B#ic & % FBG OfETicxt L G-LDL {E0ZE{kiz HbAfEOE(L L D b BT B I o7,
ERBEEOEERE, BESCEMELERL2EHTIBREYL, IS0 MERRL2VWERE TR
G-LDL fEIC#iET M ERBDER Lol 7742742707 777 4 —EMED G-LDL 0B
i, pOBREMLRIEAETHY, 72 G-LDL BERBUENERE CRRNZBZEERL T LH
BEENEZ oS,

Key words glycosylation, low density lipoprotein, affinity chromatogra-
phy, diabetes mellitus, Maillard reaction

Abbreviations : DM, diabetes mellitus ; FBG, fasting blood glucose ; G-LDL, glycosylated
low density lipoprotein; HbA, hemoglobin A,; HbA,, hemoglobin A.; IGT, impaired
glucose tolerance; N, normal; TBA, thiobarubituric acid; VLDL, very low density
lipoprotein
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Maillard i&, 1912527 2 VB BTHOREHK
EMN#T 5 L BBECERT IEERS (brawning) %
HELY, BREZEDOH 72 TIE Maillard Rt : LT
FHE&h:. HEOL» TREHRIIEENTHRES
NIBRIGTHDETFELTWwiA, Rahbar i & D
HERBEBRETATIOEY A L EITR 2 SOR
PEE? SNBFT, EENTOT I/ BEBTHEOR
SREB s o7, Thbb, NEFEFSOL Y
AcENEZOEYDBENERNY YIS NVa—R
7= FY (Amadori) BRI L 7RI THES L THED?,
—EORIGIEHEBEN, FRENICEZ 29 2 L 0388
ENEBNIDTHE. 73/ BrBTEOHBERY
$4{t. (non-enzymatic glycosylation) ick ) 7<= K Y
BN fEEmoER S 28E 12, Maillard KIGD#
HEETHD, ~EXuLrBIITa £BHN0OH S
WAEERICOVTRIB® Z L oL, FR5D
VD, avATu—REORLNRY REBT
H5{ELEY REH (low density lipoprotein, LDL)
DOHFBREBEH 5. Witztum 5713, B{LIELE
Y ®EH (glycosylated low density lipoprotein,
G-LDL) ¥ & M EF R M s »CT LDL Y
7RO L ANRBEERIT, EENTOSE
HE(LE (fractional catabolic rate) #3A L T\ 35
e, LDL #FERRNELERIZI 2L,
EERPTHEEEERL, 2V AT u—-LVRBESEES R
LR RBLIL.

FREEHN BRI OB R 381 2 A e Fr
Rix, 4o LDL WHET B3z AT LB av X7
O —L % KRR D AA SRS, MENET
ANHETZ e THD. BREBMBEEAHARE S
WU, IR OREI MK SO EER» 5 e L iz
2707 y—PRERTELVIEZNENTHS.
Goldstein 5235k LDL U 7% —#i& L 1350,
~r7u7yr—YiEMH LDL ® 8 —@ELEY) XEH
(very low density lipoprotein, VLDL) it L CTEE
MEEFOV 7y —2FL, REOEM LDL %1
DAATRETZIEEFER L. ZOFEME LDL ©
BbOAAZE LDL V78 —RBO L 2% 7 4 —F
Ny TSI, v a7y —UMERET Ak
AR & N7z . Goldstein 5 OZEME LDL &7 €51
fbevd JEEBKZ, BOERLEZILELTS
D, B L TEKRATREMIEORK MBS T 2454
LDL BEET 3 0E» T, BRELCOFE CBEEL
TEAZME L %22. BEEKAT, £EN&RHETT
BEESZEDoNTWEEM LDL @ 121 G-LDL T
HBY. —FHERREBE CIEE AN TEREL

HRBOBEERNSEL, COBEBRE L TERRRET
BIF 7V -2 BENEL, »OMEY REREE
NERCEHLTWB I LY, GLDL 2.0
TRELY REED, w207 7 — S OWEKERLEH
L CEIIRE(LEE RS L T w3 AR EE T
3. ARECRIERENCRIGL ER SN GLDL
(1) 2578, TET 270, B5FB774=
F47u=t 737 4 — (boronate affinity chrom-
atography) #FWA Z L ¥HE L. ZOT7 7 4=
T42ax NI 74— BT I/ BESVI—-AD7
< R VERMEEBEBENICY A —F 1 A —LEiE
L, COERH7 VA VRETTIE ) FZHBIE (boro-
nate) L EHICZATVERKLATMKZEGEED
<D, BERETCRERT2 LI RERAALT
W3, ALREFEREAY, BRFEBEZBU 2
G-LDL 2#flE L BRELELEOBBEFELTO
G-LDL DKM EZREMRETL 2.

MEE L UHE

I.Y“C-7N2 b—2058

TNI N —ARVYA-—T 4 A —NVEEZHL, E5%
BELLO L ORELLEEEEES. 774274
AT LAOBREBERENIFEEE, OB 2D, “C7N7
F—X (D- [*C(U) ) -fructose, 359mCi/mmol, New
England Nuclear, Boston, USA) %\ THEfL 7.
0.25M BEB 7 > €= 2 7 A, pHI.0IZEREL 72 C-7
N7 b—A (13%X10°cpm/ml 0.7« mol/ml) 1Iml % 7%
SAEML. RELZWI V2 b —A % 0.25M
BiE7 =274 15ml TEHRWI L 7. &R 0.25
M Eifg+ b Y 27 4, pH5.5 20ml T, ELEZ7NV
Zr—RAREBEHLL. BBRT v E= 27 L8 L UKHR
F Y avsombEEELFR Iml FOSWL, &
SEL D200 BRD, WEY v FLr—varyANRTL
v X —% LSC 671 (Aloka, HF) iZ THENEE 2 AE
L.

II. G-LDL &R & &8t

1. LDL 0#fH%

Rz G\ HRIM UGB L 7z iE %, Havel
5P DFETHEEABE L L8 £50.3Ti v—7%—
(Beckman, Fullerton, USA) £ A\ @& 0L, B
& (density, d)=1.019—1.063g/ml & £ # % 0.15M
NaCl izt LC 4°C, 1285fEM#: LDL B LT
v, ERNERICE d=1.020—1.050g/ml O 5
EE AW,

2. G-LDL o&m&k

G-LDL i, @E& L v 487 LDL (d=1.020—




F74=F40u= by 5742k a8k LDL ORE

1.050) ¥¥& &, Dulbecco ) BB H £ EAE A
(phosphate buffered saline, PBS, H7k, RF) iZi&##
LizZnva—A%, Day 6OHFEKIZHUITCTTH
B, EENRETCHESS EERLLE. RItEE
0.15M NaCl o5t U C24BEE T L THERED 7' v a2 —
AZREWT. E7 “C-G-LDI (12X10°cpm/m]l EH &
0.53mg/ml) X, MUK BEEELD FHERERL 2
LDL ¥ & “C-7na—2 (D- (*C(U)) -glucose,
360mCi/mmol New England Nuclear) % [F—&#T
TR AR L.

3. FANNVEHF — L (thiobarubituric acid,
TBA) ¥z £ 3 G-LDL I

TBA ¥iZ £ % G-LDL HI%E i3 Pecoraro & ®D ik
CH#LC. HELY GLDL ## lml & IM v a7
#0.5ml 2 502100°CT 5 RERMEA L AL 7288,
40% Y 7 o uEER0.5ml 0%, 3000rpm 15435& (s
LELEUERE BT, ZOLFE0.5ml & 0.05M TBA
0.5ml 20z, EREN5 - NA FoFo XFL7
N7 5 — ) (hydroxymethylfurfural, HMF) & 40°C®
BRI TR . RELLRICEOERE
433nm OB E (Aw) % SHEHEEE UV 2008 (B
W, ®H) CHIEL . 5-HMF %24E# 4+ L, G-LDL
iz LDL 0ZEH lmg ¥ icER s hi: 5-HMF &
(nmol of HMF/mg protein) T&EL 7.

4. 77427470 574 —-0k53
G-LDL 04, E&

BIXFRMT7 74 =7 4270uv b7 5374245
G-LDL O #E T RTCRBCTITo. 73 /7 =
Z—NVIES3EMT F u— 2% N (aminophenyl
boronate agarose gel, Glyco gel BE, Pierce,
Rockford, USA) ## 7 4 (Rv FEE0.7X3cm,
0.7X5cm % 72430.7X10cm) WCFE L7z, 0.25M KE
B7vx=av A, pHI.O CFHLE:, RICEEET >~

Glucose Schiff Base
H O H
\ 7 N\
C|: (i‘,= N-LDL
HCPOH H?OHA dori
HOCH+ H:N-LDL === HOCH — ===
H(I)OH HCI:OH
H?OH HC'20H
CH:0H CH:0H
Fig.1. Reaction schema for

lipoprotein.

Ketoamine
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T2y MIEMEL - LDL Bl A EML, & 5I2E
B7 v a7 ATRELZW LDL 2ELEL 2.
WIZ0.25M EEREF b U 2w 4, pHE.GRMZ, RE S
i/ LDL Z&EH LY. BfE7 > €2 v A8 L UEE
B avaomb®izEhEhn Iml FO9HL
2. BEHEOERE % Lowry BTHIEL:.

M. P724=2F42R2MTFI71—12& 21MFF

® G-LDL oz

1.8 8

SRKEBE_ARKUCZOBERE ARG T, &
BroFEE, BRA, RURAXMBEBEEELRL, K
BRZLEMBEI Y P -VFRRBROERFEE
(diabetes mellitus, DM) 476 (F95#55.7+1.85%,
T ERRE), R TR LI HATRRTEE
BHERUZIEREE (normal, N) 174 (EHEH46.8+
4.05%) &, BRAEMERL LWHEEREEE (impared
glucose tolerance, IGT) 134 (F¥JE#H58.3+3.0
) ENRELL. BREBREDS b, KHHFLER
KBLTLHOBORUEEORDS>NE b D, Tl
E2FH 2 b 0% @G HESE (ischemic heart
disese, IHD) &6 & L 7-.

2. BlEFRM

SHEEOMBE L D HBEL 72 LDL % (d=1.019—
1.063, ZHE0.9—1.8mg/ml) 1Iml % 3ml @ 0.25
MBEEB7 > =2 ATHERLAY I ACHEMNL 2.
T74=T4H7LDy NERIZ0.7X5cm & L
7o. \F L LDL 2B T % 2842 0.25M EelE 7 b
Yaws 10ml 25U, WML LDL BEOKE
HEWXNT 2, BT MY 2 VA TBHE S EHE
DiEKD G-LDL & (%) #HHL .

V. #{t~ES/REC L UVEEORE

B~ ® 7 0t > (glycosylated hemoglobin,
HbA) fix s =4 5 LD E=F —G# 5 48

1-deoxyfructosyl-LDL

Hz(I:-NH-LDL
C=0 HOCH; 0. OH
HOCH =——= ‘4o
HCOH IHz
HCOH OH NH-LDL
CH:0H

nonenzymatic glycosylation of low density
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(BML, #x) CHIEL 2. MEB L LDL-av 27
OB REREC LS T 2 - —TCY (%F0»
FaAN, BE) T, MEBELY 7V 51 PBERE
KHEEELEYE A —2B @R, KR TER
2REIEL. GLDL-2Vv A5 u— )V #EEX LDL-2
VAT a— LiEE (mg/dl) 12 G-LDL {# (%) #&L T
BHLU..

V. #EEeunE

BonBEL TR TEYELIFERE (meant
SD) TRL:. “HMOTHEOCEDHRE T
Student t EX ATz,

o4 ®
1. BIEMT7 74 =F402 P TTT74—12&
B R O

1. ¥C-7027 b —AD5EE L EIY

30~

)
o
|

"C-Fructose (cpm X 10°)

-
o
1

T
1 5 10

15

#

("C) =72 b —ADHRSTENI288. 9% VA
[Rantzst, BELZVAE O HEFHRAEE 2R
7= (&2).

2 . G-LDL D4HEs, BN

1) 774=5F4270% 7574 — 2L 25HE
B o BT E

T74=F 447 LKEMT S LDL OEHE, B
TUHFLADERBERET D70, 2HEEONY PR
£ (0.7%X3cm, 0.7X5cm) DA T Lk, 2EEOESR
¥R (0.9mg/ml, 1.8mg/ml) ® LDL & 1ml 28
WT G-LDL #438L, TR ENOBHEHDEIE
2RO BEAOEBINE (%) &, # 7 ACERELEL
LDL t 352 kEFLBH &AW LDL OEAZEOD
%, #oLCEML: LDL BEROBREAETRL
HERd. ZORREAORINER, Ny A&
0.7X3cm DA 7 ACEHEE 0.9mg/ml O LDL %

T T

20 25 30 35

Fraction Number ( 1 ml~Fraction)

Fig. 2.

Elution profile “C-fructose by affinity chromatography.

Fructose, with

its coplanar cis-diol groups, forms the most stable complex with phenylboronic
acid in alkaline solution. D-(*C (U) )-fructose (359mci/ mmol) in 0.25M
ammuonium acetate, pH9.0,was applied to a column (bed volume, 0.7X5.0cm)

of aminophenyl boronate agarose and washed with the same buffer.

At the

position indicated by an arrow, the buffer changed to 0.25M sodium acetate,
pH5.5. The radioactivity was measured in each fraction (1ml-fraction).




774274203757 4 -0k 281 LDL oflE

WML 2EE83%, 1.8mg/ml OFEIZT4% T
hote., FRRYNFE0.7X5¢cm OH 5 ACEHE
E0.9mg/ml O LDL B\ 2 ML 72B81385%,
1.8mg/ml DFEFRTI% TH o7z, ZOHRE LD ME
G-LDL BIZEDEIE Ry FEEIZ0.7X5cm, HEMT 2
LDL AHROELEEL 0.9~1.8mg/ml 723k
mWELT.

2) 77427420 b7 374 —12k5
G-LDL o4t TBA B2 X 2HIE
BEEOMBFELD SBEL LDL %, Z1a—2
OmM r RIGESESM LA/ G-LDL %% 1ml %
Ry FER0.7X10cm D7 7 4 =F 1+ 4 5 ATHE
LizkZ 3, 0.256M FEEBF b Y 2 4, pH5.5 T H
LEAECEEOE -8R oz, Z0BHOD
¥—7 & TBA¥Ic, 2 5-HMF £RED Y — 7 8
Zote. BEXVZDOEADE—228 GLDL Th 3
rEzonl. 0.255M BB 7 > £ = 2w 4, pHI.OT
H7LCRELZW LDL 28 0WH L 7-9EIZ b
TBA ¥T 5-HMF OBFEENED shiz (F3).

3) T74=2F17axbl57 4 2L BER
(*C) -G-LDL o 4>8

EHEFLDSIEBEEL- LDL B e “C-Z o —
ZREDEBILL (*C) -GLDL Iml 27 7 4 =5 4 #
TLATHBEELI 23, A5 ACBREBELBEHELLS
ECBENERHOT0% RO o, BEA L RECED
foo AT HIZHE LRV SEI S BEEMEIZ0% RS

100 ~

o
S
L

Protein (zg/m!) (@)

0 T T T T

1 5 10 15

20
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eNniz (M4) BRELZVAEABEET 74274 %
TACEMULIE 25, MEHEERUEREDNYLL
ERFEEL2WAEERES hz.

4) 774274270~ 737 4—k TBA giZ
&% G-LDL o &todm

BEHEEL DML LDL BRLE2 DBED I\
a—2 (0, 5, 10, 20, 40mM) £ v G-LDL % {E#L
720 COBRKGLDLBR Iml 277 4 =F 4 5 5 A
WML G-LDL fE2#IEL/- = 25 LDL £ RS s
HEINIA—RADBEE 006 40mM KEL €
& G-LDL f#i34.5% % 512.5%~ 8L 7 (0 5).
BEFIZFA—D & G-LDL B EIMAKSEL, EKL
7z 5-HMF % TBA THG L ¥EE 433nm QENLE
(Ac) BRITT S L A 120.0542>50.400 & #E0IL
MFEOBIZIE r=0.914 L HE (p<0.001) EWIED
HE»sH -7 (H6).

II. BYFRBTI74=2FT42AT 57 14— &

% G-LDL ORIE L BRRNBRORE

1. NROBRNEE

W& EL7BERR (DM) B, MRS (IGT) 3%,
EE N)BOBRKOERLE1CRT. FTHERHIEN
HTHO 2BICHEL TR EVERC S - BN EE
#Flxk o7z, FBG, HbA,{#1Z, DM B, IGT Btr
ONBHLHBEL TERCEE TS, Bav a7
U—VEBE, LDL-av AFo— L EEI: DM BTl
NELIVEBRIEMETH -2, IGT B NEORMIZ

T
-2
(n mol 5~=HMF./mg Protein) (&)

Glycosylated LDL

T
~

T T 0
25 30 35 40

Fraction Number

Fig. 3.

Separation of G-LDL by affinity chromatography. G-LDL was prepared

by the incubation of LDL and glucose for 7 days in the phosphate buffered
saline at 37°C. G-LDL solution in 0.25M ammonium acetate, pH9.0, was
applied to a column (0.7 X5.0cm) of aminophenyl boronate agarose and washed

with the same buffer.

At the position indicated by an arrow, the buffer was
changed to 0.25M sodium acetate, pH5.5.

Protein concentration (@) was

measured by the method of Lowry et. al, and G-LDL (M) was determined by

the TBA method.
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Eanhrot:. BERFBEZICB L TIMEE (retino-
pathy) O&#F 7, BE (nephropathy) D& F1081,
B RBDEHIBITH > 7.

2. mE+o GLDL fix G-LDL-av AT o—i
BE

DM B0 G-LDL {#136.8+0.3% T IGT #D4.8%
0.2%, NE®3.9£0.3%HLEE (0<0.001) &
BThot. £/ GLDL-2 v AFu—LBED
DM #78.4+0.3mg/dl &, IGT 0D5.3+0.3mg/
dl ®, NE®04.0+0.5mg/dl XD EE (p<0.01,
p<0.001) KEETH-7z (®7).

3. M¥ G-LDL f# x MIWERERR L OFEHE

G-LDL f&iix 1 ~ 2 8R@T® FBG (r=0.51, p<
0.001), B X URIEHFMmMD FBG (r=0.59, p<
0.001), £ EEDOHME»SH -7 (M8). GLDL-a2L A
Fo-—-LEY 1~ 280 FBG (r=0.51, p<
0.001), [EEHEMO FBG (r=0.49, p<0.001) LEE

#*

DOFEEDSH -7 (K 9).

G-LDL I 3EmEMm o HbA,{E (r=0.28, p<
0.05) » HEOHEEMH -7z, GLDL-avATa—
LR E HbA, E r BEEDHERIZZ 2 -7 (H10).

G-LDL {EimERs v A 5Fo—vig#, LDL-aov
AFo-—VEE, mMErY 7YY FEELIEED
HEar-o7z.

4. ¥ G-LDL {# & EEFRER £ OB

ERERECEWT, PBERE, BE, BEOMEOERR

ST R (t) BrohsAHLEY (-) BT
G-LDL {Ext# L7-. G-LDL {EIZHEBEE (—) BT
7.4+2.4%, (+) BHT6.5x1.7% Tho7:. BE
(=) BTI36.7£2.1% T, (+) BTIRT7.7£2.5%T
Hot:. gh-EmM KRR (-) BTI26.812.0%,
(+) BETI6.612.3% L WTNOAMHEIZEVTHE
EhERasro (H11). & 5 EmM R B R
& —AMREIMAEE L & L ERELERE &0

14
‘e 104 [ 200
= o
= £
X 3
E a
a ()
)
@ %
8 -
3 a
w =
9 5 - 100

0 T Y 0
1 5 10 15 20 25
Fraction Number ( 1 m!,/Fraction)
Fig.4. Separation of “C-glucose-LDL by boronate affinity chromatography.

“C-glucose-LDL was prepared as in the methods.

iml of sample solution

(12x10°cpm/ml, 0.53mg protein) in 0.25M ammonium acetate, pH9.0, was
applied to a column (0.7%5.0cm) and washed with the same buffer. At the
position indicated by an arrow, the buffer was changed to 0.25M sodium
acetate, pH5.5. (M), protein concentrationwas; (@), radioactivity.
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THE (BIIRTELE) &L 2B GEEIRE LY
At sk, BAREE(LEED G-LDL fE1X7.54+0.3% &
FEBIREALBEDT.0£0.3% & b mWEAICH - 72

5. BRI LI G-LDL {8, HbA BB L U
FBG OZEAbt OXIG

EREO DY Po—nizk 3 FBG &{t + G-LDL
BEAONE2A 22, av ro—L2EBLT
FBG 2%HI{E 188+ 25mg/dl » & 2 EEI% 174+21
mg/dl Z{ET L 7=B5 T, G-LDL {12 #i{#E6.5+0.6%
»55.610.6%WEHE (p<0.05) I{ETFL. 43E%
FBG #* 152+18mg/dl LHifEL Y 2 5 ICHE (p<
0.05) WIET LK ATY GLDL flid 2 BE% L &

15~
®
104
g
-l
Q
-l
h-]
[]
K
2
8
>
© 5
0 L T T B
5 10 20 40

Glucose mM
Fig.5. Effect of glucose concentration on the
glycosylation of low density lipoprotein. The
incubation mixtures contained phosphate
buffered saline, low density lipoprotein (12.7
mg of protein per ml) and either 0, 5, 10, 20
or 40mM glucose. The reaction mixtures
were incubated under sterile conditions at 37°C
for 7 days. The amounts of glycosylated low
density lipoprotein were determined after
affinity column chromatography separation.

b535.5+20.5% ThH- 7. HbA [HO L2 8T{HES.8
+£0.8%xfL 238%9.2+1.3%, 4EBTHL8.8+
0.7% t FELEEA s h -7 (K12).

% =

FlbES - BEE %M RM T2 A LTii1 4 >
R bS5 74—"0bsh, ok bEER
FiEe LT, Bte22U0-BarBBTmaL, £K%
ENLE = NAFBFYAFLTNT 5= (hydr-
oxymethylfurfral, HMF) % 2 — # 4, 0 B — LB
(thiobarbituric acid, TBA) TH.BEE ¥+ 3 TBA

0.4004

0.300

0.200

A m3

0.100

0 T T T
5 10 15

Glycosylated LDL (%)

Fig. 6. Linear regression analysis of levels of
glycosylated low density lipoprotein in the
same samples obtained by affinity chromato-
graphy method and thiobarubituric acid assay.
y=40x—212, r=0.914, p<0.001
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b7 FH#
— *— — *—
r—**—-l r***—| r—**j r****-l
10.0 4 10.0 -
5
\ %
o
£
-~ v
X S
' | .
2 + g
(] @
3 8 I
-]
£5.0- © 5.0-
(] . _’ .
] + 2
§ | T s | T
o =
%
8
=
O
0 T T Y 0 T T T
N | D N | D
n:17 n:13 n:47 n:17 n:13 n:46

Fig. 7. Levels of glycosylated low density lipoprotein and glycosylated low
density lipoprotein cholesterol in serum from diabetic (D), impaired glucose

tolerace (I) and normal (N) subjects.
* p<0.001; ** p<0.05; *** p<0.001; **** p<0.01;

Table 1. Characteristics of normal, IGT and diabetic subjects

Diabetic IGT Normal
n 47 13 17
Age (yr) 55.7+1.8 58.3+3.0 46.8+4.0
Fasting blood glucose 185.0+0.5* 107.243.6** 94.4+1.6
(mg/dl)
Glycosylated hemoglobin 9.4+0.4* 6.8+0.7** 5.7+0.3
(%)
Total cholesterol 219.9+ 5. 7H** 208.0+14.2 149.1+9.0
(mg/dl)
Low density lipoprotein 118.8+5.2%** 115.8+8.7 96.7+17.3
cholesterol
(mg/dl)
Triglyceride 146.3+14.2 121.2+12.1 93.3+12.9
(mg/dl)

The diagnosis of IGT and diabetes were based on current World Health
Organization criteria. Normal range for glycosylated hemoglobin, 5.0—8.0%.

Values are means+SD. IGT: impaired glucose tolerance.
*P<0.001, **p<0.01, ***p<0.02, ****p<0.05 vs. normal subjects.
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Fig. 8. Correlation between levels of glycosyla-
ted low density lipoproteins and (A) fasting
blood glucose, and (B) fasting blood glucose
prior a week.

A, y=0.02x+2.8, r=0.59, p<0.001; B, y=
0.01x+0.3, r=0.51, p<0.001.
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Fig. 9. Correlation between levels of glycosyla-
ted low density lipoprotein cholesterol and
(A) fasting blood glucose, and (B) fasting
blood glucose prior a week.

A, y=0.03x+2.7, r=0.49, p<0.001; B, y=
0.02x+3.3, r=0.51, p<0.001.
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Fig.10. Correlation between levels of glycosyla-
ted hemoglobin and (A) glycosylated low
density lipoproteins, and (B) glycosylated low
density lipoprotein cholesterol.
A, y=0.23x+3.5, r=0.28, p<0.05; B, y=
0.28x-+0.22, ns. ns, not significant.
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Fig.11. Levels of glycosylated low density lipoprotein in serum obtained from
the diabetic subjects with retinopathy, nephropathy and ischemic heart disease

(IHD).

No statistically significant differences between with (+) and without (—)

complication were observed.

B I N X5, LDL OMBEA~NOIRD AAH I #
RERTH2 7 REEB LHEMELKHFED LDL V&7
=ML TTbRs. 2L THENZIVATO—
L s e LRI REO IV AT o -k ar
AFO—NVIATAELTERL, 00>
VATO—LVERELRERETHE NI FoFy —
AFNITNE Y VHEER A (hydroxy-metylglutaryl
coenzyme A, HMG-CoA) BTRERDOERE TilE L ,

8242 LDL V) 2 7% — D&/ L Ml R E ~ O F i
PHAEE, 2L 2 F o— L OMERNADTA % T
LTw3 . Witztum & "3FEEEEMEE{L %2 \) 72 LDL
(G-LDL) iz, b MEBAEHHERTRIC B W T, EHs
LDL U775 — %A L #lENa v A7 o — {3
D74 —FNy 7BBICEELRITFE T, 85108
Ty MTIE G-LDL OEREMENFED L TV 3 pHH
BRLL. ol ZoFRE, 7XEABOD, LDL Y
7L OFBEWUTH B ) VL BELFERE R
ik otz 2, Very —rESTER -
RRDThH2 LRI, BRI M L
LTRESETOT, MO N a—L S8R 82 iiE
CEMERTH S G-LDL o807 % LMl ans.

Lo LERE, SRBEEZEICSWT GLDL 28 X0k
BRHNEZLFOoRHL-BEZ R, #2TK
WETHE, BO2RBT7 74271270 77 4—
W& G-LDL #4578t - 2L, BEREEEOMEE D
Yru-AREHELOHBERELL. BEAD
G-LDL 0#l& i LDL#MED3.9+0.3%TH D, AL
REIRBT 74 =740 bT 537 4= 0DH
E L7z Jack 52 O|ER, &5l s o~x b/
57 4 —%Mwviz Lyons 5 Q& L I21Z—H L7z
W, ATy D5.5~8 4% LT L7 3
YD6.1%£0.49%P L hiddlewn., TOEREZERDOE
BHOMHPFEFEEPLMEROENSENEEGE L THE H0
EEzohn3. G-LDL i [RIRFSRIM 0 22 I8 B M85 {8
1~ 2 EMFTO ZIERFIMEEE & & <HEBIL2s, av
2Fa—VEE MBI o, Fl{b~T S0
Er e DEBEIEE» 0. SO ERBEOEEICLD
MmEE»ET LiED % £, GLDL i 2:8M#% L D {ET
T 208, BNt o v MBOE L ERBT 512
B1aAUERNRETH-7:. SEORE TR, HE
FRE BT 5 BRI ORE L L BB R B oM
INMEFEDEH L G-LDL & ORI BRE L BES % R



320 b

200 +
180
160

Fasting Blood
Glucose
(mg,/dl)

140

10.0
9.0 1
8.0+

Glycosylated
Hemoglobin
(%)

7.0 1
6.0 1
5.0-

Glycosylated
LDL
(%)

4.0 1

1

L
=
I
=

Before

2 weeks 4 weeks

Fig.12. Changes in glycosylated low density lipoprotein, glycosylated hemoglobin
levels, fasting blood glucose concentrations after clinical treatment.

*p<0.05
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Abstract

To investigate the role of glycosylated low density lipoproteins (LDL) in the pathogenesis of
diabetic angiopathy, amounts of glycosylated LDL were measured by a new method with a boronate
affinity chromatography. The method is based on the observation that phenylboronate in alkaline
solution forms a specific complex with cis-diol groups of sugars. Since the stable forms of
nonenzymatic glycosylated products were known to be 1-deoxyfructosy! derivatives of proteins,
aminopheny! boronate immobilized on agarose was utilized to separate and quantify the glycosylated
LDL. Using an affinity column (bed volume 0.7 X 5.0 cm) of aminophenyl boronate agarose, 70% of
radioactivity of synthetic “C-glycosylated LDL prepared in vitro was shown in the peak of
glycosylated LDL which was separated from the non-glycosylated LDL. A good separation by the
boronate affinity column chromatography of glycosylated LDL from non-glycosylated LDL was
confirmed by thiobarbituric acid assay. The ratios of the glycosylated LDL to total LDL in the
diabetic subjects were significantly higher (p<0.001) than those in the control and in the impaired
glucose tolerance subjects, and showed significant correlations with fasting blood glucose
concentrations (r=0.59, p<0.001), fasting blood glucose concentrations a week prior (1=0351,
p<0.001) and levels of glycosylated hemoglobin (r=0.28, p<0.05). The changes in glycosylated LDL
were accompanied by changes in blood glucose concentrations but not by the glycosylated
hemoglobin. However there were no statistically significant differences in the levels of glycosylated
LDL between the diabetic patients with retinopathy, nephropathy, or ischemic heart disease and those
without these complications. It is concluded that the affinity chromatography system seems to be a
useful method for rapid and specific determination of serum glycosylated LDL that may play a role in
the pathogenesis of diabetic macroangiopathy.




