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Diagnostic significance of urinary immunoglobulin G in diabetic nephropathy

Isao YASHIMA, Toshihide HIRAYAMA, Hideo SHIIKI,
Masao KANAUCHI, and Kazuhiro DOHI

First Department of Internal Medicine, Nara Medical University, Nara, Japan

An early manifestation of diabetic nephropathy, increased excretion of albumin, is now generally
believed to be sufficiently specific, particularly in subjects with diabetes mellitus, to predict the subsequent
development of clinically overt diabetic nephropathy. However, certain other proteins besides albumin
may also be excreted in abnormal amounts during this early phase of diabetic nephropathy. We evaluated
the diagnostic utility of urinary immunoglobulin G (IgG) in patients with diabetic nephropathy by
comparing the findings with the clinical stage and renal biopsy specimen. Using 24-hour urine samples,
IgG was measured by an enzyme-linked immunosorbent assay. In addition, urine samples were assayed
for albumin, transferrin, 8,-microglobulin and N-acetyl-3-D-glucosaminidase. Serum IgG concentration
and HbA,. were also evaluated. A total of 197 patients with non-insulin-dependent diabetes mellitus were
enrolled in this study. Subjects were grouped according to the rate of urinary albumin excretion (clinical
stage). Fifty of these cases were also divided into four groups according to the severity of diffuse
glomerular lesions using Gellman’s criteria. The urinary excretion of IgG was significantly increased in
diabetic patients as compared with the healthy controls. Among diabetic patients, IgG level showed a
significant increase with respect to the clinical stage of nephropathy and the progress of glomerular diffuse
lesions. In the stage of normoalbuminuria, the urinary excretion of IgG showed a significant increase in
parallel with the progress of glomerular diffuse lesions, whereas there was no relationship between the
urinary excretion of albumin and the progress of glomerular diffuse lesions. While the excretion of IgG
correlated with that of albumin and transferrin, there was no correlation between the excretion of IgG and
the other laboratory indices evaluated. These findings indicate that measurement of urinary IgG may be
more useful than albuminuria in detecting the early stage of diabetic nephropathy.
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S VRSB T 2 DIET O ARERR ISR E DO & U TR
1 1gG HEEHIE B LS I DO W TS L 7z,
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1. % =%

IR, WRBEIZERIRFE | AR L 2 OB <@
Bed B W IEABEHF D A > 2 ) > FRRIERIFE % (NIDDM)
B 197 Gl (B 1 94 B, M 1034, S8+95%) Tdh %,
E7z, BEROLENE, 7k GHEZ SO0 THSE
HHALTA > 72 —L K« vy M RESNUIERDE
N, BAEATERFREMIEINC £ 2 BERHSEY O E
FERTHIC R 3 2 SOB (531 21 3, Zc 429 fl, 59=+10
) ICBERERIT L., BB, JERRREERER LR
G0, B X OREREEE 2 T 20130 R 2 SRS L
Tzo S50, HEFERA 30 B (B 18 41, 2otk 1241, 42+
8 %) Z I EA TS,

2. F &

1) FRH 1gG R E

MR, A v 712 & D BRIG &%+ IciiH s
M, WRICERIC X 2SI 3 \ILLEREER U 72 fER 0O
24 FFEIE IR O—ER % FVa 7o IR DRIFTTER, BRIRER 1
HEDATH 0L #CRE, REIRO%5E 1L — 80 CIREY
Yrhz9Z s, FEIRTIXWSETFNCRE L, 24 KFHE
PREG VG 12 —80C°CTRIFEL 1o IR 1gG E 1L, B
SODTTHENC & B9 > P A v F BERERRPIA T (ELISA %)
THIEL7zs OB 2 AT IR T, 0.1 M RERIR I
(pH 9.6) IC ¥ % L 72 i & b 1gG #ifk [F(ab’),
goat anti-human IgG ; Cappel #] ® 1,000 {57 0.1
m/ #4707 —bGRYZAF LV EO EIA 7V — b,
COSTER #1) & v v ichiz, 2~8CT I8 KEfiiE
=T 47, VINVHAKREZFEREL 2, R, 14M
NaCl &H 0.1 M V) k&R (PBS, pH 7.4)1c Tween 20
(FHTA4TAZH, EEO0.05% B LY VIMET VT
S (BSA, MG TS, IRE 1% 2Nz THEL
720 1% BSAFEER 01 m/ 24 2 vichnz, 37°CT2
B 7oy > 7 L7, &7 )% 005% Tween 20 &7
PBS 0.35m/ T3 EZEEHL, &7 Tic 1gG REHERE DA
R & AFRBAR 0.05 ml %4338, 4CT 18 K, [
ik & KBS TH S 0.05% Tween 20 &4 PBS 0.35ml/
TI3REPEE LT &7 T IC 1% BSA $EfEW T 20,000 f%
WAL Tz~v A F v ¥ —PiEEgbi e + 1gG ik (perox-

idase conjugated F(ab’), fragment goat anti-human IgG,

fragment

Cappel #1:)0.1 m/ Z253F L, ERTIHEKGSETH5
0.05% Tween 20 &45 PBS 0.35m/ T 3 [E¥e L7, HE
Wlo-7 =L >y 7 32)02ml 24531 L £CT 304K
IS X H 7%, SN-H,S0, 0.1 m/ 2L CEEKIL R =
&%, v4 707V —h)—%—T492 nm TOWEE
ZHEL, FRFCEE L 72mERE» S 1gGEER2REHL
720

2) PR 1gG R E

R 1gG, I B 1% Aucouturier 530 FikIic Xk 249 >~ K
A v F ELISAETHIE LTz, O E2 LI TIIR T,
0.05M PBS(pH 7.4) IR L 7281 b 1gG,®/ 7 u—F
JVHIE 1,000 5B 0.1 ml <4 7 a 7L —hDEY T
MIZINZ, #CT4KEa—7 4> 7 LTz, XiZ, 0.05M
PBS T 3 [AI¥EE#212 0.5 % BSA &75 PBS 0.1 m/ Z¥RAIL,
FRT2HE 7oy 7 LTH» 5 0.05M PBS T3 [E[¥E
Wl RiZ, 01%Y ¥ y-7 7)) »&7% 005M PBS
THIU 72 Bk 005 ml &~ Tz, 4°CT 24
RAE Bk & KIs X ¥, 005M PBS T3 [EI¥EHE, 1%
BSA FEE# % F v T 20,000 FFICA L 7o ~v A v 87—
CEEIIE b 1gGHRO0I m! 24EL, R T2HRMK
J& & ¥ T 5 0.05M PBS T3[EIPEE L 7o, HE W (o-
Tz Y7 Ex)02ml 2OEL LCTI0SKIGE
726 5N-H,S0, 0.1 m/ Z W {BEXKIGEZEILS ¥ Th
5, ¥4 7a7v—F ) —%—T490 nm TOWEE % H
E L, FERICHE LR S 1eGE 25 L7z,

3) fhofEHEH

PRET7 VT S R, Rl s 7 A7 =) VRE,
R g~ A 7u7u7) JRER X OIS 16GIREX 7
7 v 7 ABEEIG, MiE 1gGR A 1 ELISA 3%, R N-
7 2 FN-D-7 )V aH 3 =¥ —¥ (NAG) 1M 1Z mep Lhfh
#, HbA II@EHEWA 7 o~ v 75 7 (HPLC) 3k CHIE L
Too MUIET V7 S IR ITESVKENRE I & 2 A ERE
WEHWTEH L, st « Rbhrv7yF= vz
B CHEL, 4BV F=v 27 VT TR
(Cer) ZEH L7z,

4) WERRIMEBHE O ERKR T

JZ. A A W RS 3 A T S8 BIE D W PR 14 B i L A RS Ty B R
TRENTWET VT I VIROFAES pg/53 DA F, FR
13200 pg/53) & 7o BEIRIR I BER A 80 1 6D &,
BORERTHI (L] 7 v 7 8 R, FEBRESQ
W ET VT VR, BEEBERTHGAE D 1g/
HARMORFMEAR), B & CHEEBERB GBI
g/HU LORFEMEAR TR S L, &8, KWz
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Table 1. Clinical features of subjects
Items Stage la Stage Ib Stage 2 Stage 3A Stage 3B
Gender (M/F) 31/34 14/12 27/29 I1/15 13/11
Age (years) 59+9 6l£11 59+6 57+25 57+7
Duration of diabetes (years) 6.2%5.7 6.7+4.9 9.2+8.6* 10.5£5.6** 12.3£5.2*%*
Treatment modality (D/A/1) 31/24/10 15/8/3 18/29/9 6/11/9 4/8/12
HbA, . (%) 7.1x£2.7 7.0x2.4 7.2%+3.2 8.4+3.8*%* 7.6+4.5%*
Cer(m//min) 97.4+£55.8 96.3+38.4 102.7+£73.7 81.0£31.3 60.2%+29.1
SBP (mmHg) 124+ 26 13128 128 =36 142 +24** |48 +=38**
DBP (mmHg) T4+11 7616 12*14 84 +28** 84+£22%*
Results are presented as mean = SD. Treatment modalities : D ; diet, A ; oral agent, | ; insulin
* p<0.05 vs Stage I, ** p<0.0l vs Stage |
1993 FE L DfkFE L TH D, WIFEOREEIC B W TERERTH [
ng

DOFEFI TR 1gG PRSI L T v 2 FEFIDSHET L 72
REREREEET 2 ZEWRB SNz, 22T, HEOK
i 1gG HEit & o P fiE 42 BEHEfR 22 (4.7 mg/H) % IE% &
BRE L, 1% RS TgG HEi & IER#E (la ) & IR+ 1eG
PRI SRR (16 3H) 1 X5 L 7z,

5) HEGHRBEIC B 2 R E AR

R hZ7 27 =) CHRME/IRP T V7 S Rl E
(Tf/Alb), R 1gG HEMt R /fRAP ~ 7 > A7 = ) kit
e (1gG/TH), R lgG Mg/ R b 7 > 27 =) » 8
M (1gG, /T B & OFRH 1gG HRit & /PR 1eG, HE it &
H(1eG/1eG,) ZHH L 72,

6) BT R

SJERIER O E AMERZ % Gellman 5100 EH#EN 5, D, Gk
BRIKIZIZ & A EZA L 72\), Dy (—3EIC PAS Bt Gtk
DILK %R T RERIEDHAET %), Du GRERA 2D PAS
PG OILK), Du(PAS FE G OILR DK &
MAERED /M) 3 & U Dy (D251l 2 TR FALRRZS
{b) s E L T2,

3. HETEEAIALIE

HIE B2 £ R, B 2R S R LERE
E PR Rl & P9 A7 o 25 %55, 75 %R O fiE
THRIL L7z, BEHOMER, SRPEATRIEIC DWW TX
Spearman DEFLFIFHEE, &RHPEBPEHEEIC OV T
WA L 2 AR RE L T & —TeELE ST
Eolz, 01, FRPEOFRMEIC DV T Bonfer-
roni LT pEZMET 2 ZELBEHWIRE L, B
BEKUE I GRS BRTG & LTz,

1. BEER

B PR M B O B R JR I 1%, 1a #AAS 65 1], 1b HAS 26
B, 284 2356 5, 3AHAAI26 4 5 L UF3BHA 2324 4] T
H otz EERIFIARNC 27 1R, -, PERRIRE MR,
WGFEE, HbAfH, IUEHAIME, #RAME S X O Cer %
Table 1 1Z/RT, MEAI, FHiE & OVEEER IS RBEHO
MNC N o Tzo FERRIEHERIAM I, la i3 L OF 1b #]
WHLTC2H, 3AHMB X U3BHITHERICE»> 7,
HbA, [ 1%, la#is XN IbHIE 2 OB IZZE=N Lo -
7o, lalis L OV IbHAIC L L C3A B X O BIATH
BICHEMEER Uz, DHEIAIE 8 X CRRIMA X, la
HB LU b B 2 ORI I3 D o 7228, lalis &
O IbHICHE L C3A B L UBBIITHERECEMEEZ R L
720 Corld, lafl, 1bH, 2B X O 3A WD IZZEN
oty lall, IbHA, 2HiB X OV3AHICHL T 3B
HTERICEMEERLT,

2. BEERBHAICE (T 2AIEIER

RN A7z IR 7 v 7 S VRS, R b2 > A
7z ) UHRE, R g.v A 7 u a7y CHRE, IR
FNAG &M, M7 V7 S e, mPrs>272)
VERE, I 1gG B X ONNE 1gG, L % Table 212
AT RETNVT I VPR EIRP T A7 2 ) PR
ik, SR L lafls X Ib L OfICED R o7
B, WHEEACE LT 28, 3AMB XU 3BHOIEICEE
L 2o R o~ A4 77 a7 ) vfkilitE L Rep
NAG ¥EMEE, B L lafll, 1bHE, 2818 X O 3A )
WZENE L, B C3IBTERICHEINLICT
Ehedpolz, MHFT7NVT S VPEE, MPANZ A7) >
TEEE, I35 1eG ¥R B X UM 1eG I 13 la i, 1b 3,
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Table 2. Biochemical variables in subjects
Samples Control Stage la Stage |b Stage 2 Stage 3A Stage 3B
U-Alb(mg/day) 9.1%£4.8 8.2%4.7 9.4%5.1 64.2+48.0** 532 192** 2,131 =661**
U-Tf(mg/day) 0.8%1.4 0.7£0.4 0.8£0.5 5.1%£3.7*%* 34.2%+17.4%* 199.8+62.7**
U-B,MG (ug/day) 118.8+37.6 204.8+172.3 196.7+178.6 |,185.4%+2,344.1 1,068.8%+962.4 9,476.4+11,869.5*
U-NAG (U/day) 3.8x2.1 4.3+£3.9 4.5+3.2 8.1%£5.0 8.1£3.6 [1.9+5.0*
S-Alb(g/d/) 4.2%1.4 4.5%1.2 4.3%£0.9 4.2%1.3 4.3%1.1 3.9%1.6
S-Tf(mg/d/) 263.2+38.4 276.5%t42.8 259.3*+50.2 274.8+44.2 249.9%+36.2 251.7+48.4
S-1gG(g/1) 10.9+2.3 [1.4+3.8 [1.6x4.1 9.9%3.6 12.1x2.7 10.8+5.4
S-lgG, (mg/d/) 61.4+48.3 57.4%+48.2 65.3+32.4 62.9%51.2 59.8+38.7 60.3*x51.6
U- : urinary samples, S- : serum samples
Results are presented as mean®=SD. * p<0.05 vs Control, ** p<0.0l vs Control
I's=0.69
e 068 p < 0.001 .
_ s=4. - .
— - ! scese
1,600 p<0.001 10,009 SIS
§ " -:- /i,OOO— .o
Q Y 300 o332 %
’EP : :‘/ ........... * $ ' L) : *
c g | EE e i
E 10F = .
5 210 | 0
g . .
E .
1_I ] 1 ] 1 Il 1 1 ] 1 | l_l I I L L L :
Control Stage la  Stage 1b Stage 2 t A
Control ~ Stage la  Stage Ib  Stage2  Stage 3A  Stage 3B ontro & & age Stage 3A - Stage 3B
. . . L . . Fig.2. Urinary excretion of IgG, in diabetic patients and
Fig. 1. Urinary excretion of IgG in diabetic patients and

clinical stages of diabetic nephropathy

2B L U3 ABORICIZEN L, Wb EFEEET
U 7zo PR IG HEME &%, SHEEEA 2.5+ 1.1 mg/H, la
BAAS 2311 mg/H, IbHIA 7.1+2.1 mg/H, 2HIA% 14.1
+9.8 mg/H, 3A 434524+ 18.1 mg/H, 3B 733517+
1948 mg/HTH Y, MEEEE lalOMIcER%Z L, la
Him o 1bH, 28, 3AHIB X 03B HOIEICEZICHM
L 7z (Fig. 1), R 1gG BE M & 13, KB BE Y 73.4£67.4
we/H, lafin3754+69.3 pg/H, 1b32581.5+79.6 ng/
H, 231 5%345.14£264.7 ug/H, 3AHH 51 1,261.5£634.9
we/H, 3BHAN 6,240.1+4,566.6 ug/HTH Y, IR L
laffis L Ib I & DREIC 3= o7 08, 28, 3A
s LU 3B HOIECERE ML 72 (Fig. 2),

3. BEMATR LRPEBHEHE

1 D B M R, 10 491120 %) 23 Dy, 22 5] (44 %) 73
Dy, 1841(36%) % Dyl L7z, FRH 1gG HEiE & 1,
Dy % R 3 ERFI A 2.6 2.1 mg/H, D, 2R $HERIH 32E
24mg/H, BLXUDy%RmITEL64+32mg/HTH
D, RERECEAMREDOER L & bICERICHEML 72,

clinical stages of diabetic nephropathy

50 100~
NS
Is=0.57 o
p < 0.001 5
— el
BN <
3 10 $ eoe I i oce oo
Ed ssco0e ol ] e
S| e T g e
20 B8 O%O a o o0e o..
- 0 8§8 o N ® 0P ® e
E 000 g g E fo¥el [ 4
g o g o) o] g
1+ 8 o i
o o o]
0.5=1 ] L 3 1 J 1L L 3 L J L J
Do D: Dun Do D Du
Fig.3. Urinary excretion of IgG and albumin in patients

with stage 1 and glomerular diffuse lesions
Open circles indicate stage la(n=30) and closed circles the
stage I1b(n=20).

—%, RET7 VT HRRE, DRSS 6.0+6.1
mg/H, D% dHERH 8.6+9.4 mg/H B & O Dy &R
FEBIHS 89492 mg/HTH Y, HERMAD & AMINE DR
¥ B %R & 72 0o 72 (Fig. 3),
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— L I T
0.025 J | | ] ] | ]l bl J
Control Stage 1a Stage 1b  Stage 2 Stage 3A Stage 3B
n=30 n=65 n=26 n=56 n=26 n=24
Fig.4. Box plots indicating the overall range (error
bars), 25~75% range boxes, and median value (hori-
zontal lines) of Tf/Alb ratio in diabetic patients with
clinical stages of diabetic nephropathy
* p<0.005
*
IgGs/ Tf |
% 7
1
-
0.1} = T -
l 1
0.01r
0.001t 1 [ N B | I [ oL |
Control Stage 1a Stage 1b  Stage 2 Stage 3A Stage 3B
n=30 n=65 n=26 n=5 n=26 n=24
Fig. 6. Box plots indicating the overall range (error

bars), 25~75% range boxes, and median value (hori-
zontal lines) of IgG/Tf ratio in diabetic patients
with clinical stages of diabetic nephropathy

* p<0.005

4. ZEERBHRICH T 2RPELHEHEL

1) Tf/Alb

TF/Alb i3, 5f HE B 5% 0.047 (0.039~0.064) , 1a H A% 0.056
(0.048~0.069), 1b Hi58 0.062(0.052~0.076), 2 Hf%0.081
(0.070~0.100), 3A 25 0.057(0.043~0.079), 3B A% 0.048
(0.039~0.060) TH VD, IHEFEL laffids L OF 1b & D
WIZFEM R o720, laflicth L C2HITERICE L, 2
HhicH U T 3BHITHRICE, 5 72 (Fig. 4),

IgG /Tt
100 l *
| *
— s
1L & =
T T

0.1L | TR W B T B I o !
Control Stage 1a Stage 1b  Stage 2 Stage 3A Stage 3B
n=30 n=65 n=26 n=5 n=26 n=24

Fig. 5.
bars), 25~75% range boxes, and median value (hori-

Box plots indicating the overall range (error

zontal lines) of IgG/Tf ratio in diabetic patients
with clinical stages of diabetic nephropathy
* p<0.005

1gG /1gGs
1,000 —
—

1001 - T T -’7

]

lllLi

|

I R (S N A

10- | | | | | ]
Control Stage 1a Stage 1b  Stage 2 Stage 3A Stage 3B
n=30 n=65 n=26 n=56 n=26 n=24
Fig.7. Box plots indicating the overall range (error

bars), 25~75% range boxes, and median value (hori-
zontal lines) of IgG/IgG, ratio in diabetic patients
with clinical stages of diabetic nephropathy

* p<0.005

2) 1gG/Tf

1gG/Tf 1%, SHEEEAS 5.174(4.354~7.574), 1a H 75 6.640
(4.190~9.006), 1b H A% 11.106 (8.200~12.878), 2 Hf A3
2.888(1.917~4.175), 3A H A 1.508 (1.268~1.714), 3B
233210(1.727~5.027) TH v, SHEEE E la o R i3
Nigipofzd, WEFICH L C I THEREEE L, 2M
&3 ATHERIED 5 7z (Fig. 5),
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Fig.8. Relationships between urinary excretion of IgG and other laboratory parameters in all

subjects (upper panel) and in patients with stage 1(lower panel)

3) IgG,/Tf

1gG,/Tf 1%, xfHE ## 5% 0.085(0.040~0.434), la #f 28
0.110(0.056~0.211), 1b 5 0.147(0.099~0.171), 2 HiH
0.069 (0.041~0.112), 3A Hi #30.039(0.021~0.056), 3B i
73 0.065(0.019~0.103) ThH v, xfigfte 1afli, 1b ik X
V2 ORNICIEZER o T2, SRFEICEL L T 3A #
B L O3B THERICE, - 7 (Fig. 6),

4) 1gG/1gG,

1gG/1gG, 1%, XfHEHEE 28 37.929(21.700~124.327), laHf
23 55.914(30.134~105.673), 1b #AAHS 76.095 (44.099~87.569) ,
2 A 37.685(29.590~60.382), 3A Hi 4% 35.768(26.373
~48.089), 3BHi 60.427(28.222~113.527) Th b, xfig
FEE lalll, 1B XU 2HOMICIZZES TP o720, X
WERICH L T3AITHERICEL, 3BBHITARICE» >
7z (Fig. 7)o

5. R IgG BEttE & thBIFEIEE & D1ERS

eflc, R lgG PRt E IR 7 v 7 S ViR B X
CIRH ~ 7 > 27 =) CHREE LW IERRY, R 1gG,
PefitiE: E G WIEMAHB 2R Lz, UL, | HIOERITIZ,
PR 1gG PRt R & JRep 7 v 7 & R, R s 7 > X
7 =) R, 3 X ORH IgG R E O MHEBAR BT W
ThbeflOMBARE L »I&E %= L7 (Fig. 8), —7,
PR 1gG Rt & R B~ 4 7 m 7 a7 ) RS, R
1 NAG HEitt &8 38 X Ui 1eG o iE, 2fiTb 1
HOMEGAITHOEROMEBEZ RS oz,

z =

1. REFEEREROERRHER

IEHSRERAE R O MAIREE 1%, HRIR 2 A AE oS
EROMBME»r SR 2 MEMEZEL T DY, AL
(pore size) 235 SSAPTH %, ARERAFLIEEIL, AR,
WZEBE, BEE, SERE, B &0 LRl ZEE» o
BD, WEHIRIOMRE, SREREEEEOMEME, KMl
fa R OMBBIASTOEEICHFS L T, —FH, %
ERAEER T &L L TREIHEL Tw a5, FIcHNE
BARE & AERAE 370 < B Ic B L Tw b, Z DRSS
&, ~RF U s A7) Ay, VBaZ—ry, Z
=Y, 74 7aR I FUBETHE, TS DNEHE
LAEIEORMEREDE B L CESEEHICINA T, N
iR & bR RS ORE & D ¥ 7 IVEEDSRERE
EEEOREREYE OWEBICEFS L T b,

BIEDEH THRE A Sl S 2 ERMBEAEZ, 7
NTI, P IVATZ72)UBLVOIGGTHS, TIVT
S, HTENEOKD, A b—7 AFEMNIA, HEH
B49THY, BHIZHEL WS, P TI YA 7)) Vi
ST TIKD, R b—27 A 8A, EEENSTThH
D, BEREEZHA L TWw 3, 1gG 1T i3 1gG,, 1gG,,
18G;, BL U 1G,D4TEDY 7 27 7 AWHEHET 505, 4
FH (156 kD) & A b —27 AEGSA) I IEED 5 v, [T
IeG ¥, FEADV T3 OFHOME % FFD 1gG,, 1gG, 5
L 1gG 289 96 %% 5 T w3, Lhi->T, AT
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1 1eG PRt % 1gG,, 1gG. 3B L U IgG.HRttE D 5L
AL 7o —H, 1gGix 1gGy, 1gG, B & N 1gG, & &5 + &
(156 kD), A h—2 ZEGSA)ZR—TH 22, HFEL
5.5 ORMFREZEL TWa,

AR FA2RERE D SR T 2 8P & LT, SRERABEE
LD size barrier DOHEHE & charge barrier OHKFH 2 51
T B8 - gize barrier DRRE & 1%, SRERIRELEIE DO HL
HIEN 2L, ABREEEREZERBL 2 Lr oA b —
JAFEOMBEANMFHL T2 ETH S, —7,
charge barrier D L 13, [@@Lﬁ L TCWwWaIMEEH
LRAPEICTHTE L T B R ERIA LR A W I K6 L C I
FEEHORRH ZFHIEL TWIZREED, ~oXT Uhile 7 v 7 4

7K Ry T NVIRI: E DR THRIERFEEEL O R
DIRET F 72 13K T 5 2 i ko T EANRHL TL
% E%x &, Viberti 5%, 1gG & 77 3 > D HER
M (selectivity index @ SI) 2t L, JRE7 IV 7 3 RS
M A5 mg/HUUFTIiE SLIcZ bz nwEns, Lnl, 7
VTS R 45 mg/ H 2 2 7o B8 13 1eG O Hk
BEREIMLUEwOT, SIZETY % LT, Lz
Mo, TT I P E Y 45 mg/H & 2 5 R0
charge barrier ORI HIHIL T 2 KFHHIICEZS T 5 L v 2 &
o 122U, IR7 VT S HRIEESS 200 mg/H LI 7%
28, TV7IvEelRGOMENPFMENTEY, size
barrier DEE D HE T2 £F 2z 5N TWw B, EEEIC,
WE7 VT I VRO HH T 2K Tl charge barrier O
=, BEEEARO BT 2 R LU Tl size barrier o
ERHHBLT 5 L OHEVHE SN 217, Myers 5903
FURBER ST FAN T YOI VT 7V ARKEL T
BY, MET7 VT I VIROBB» SEEEAROHE £ T
DEFHAZS charge barrier DFEEWCHF L L, Z ORHICIEA
BRBEEBEOFZICEDB NI E 2SN LTV 5,
Tz, FRICHET R A N T U BHOWIEBRTIE, 46A0
FOFTRA T T T OSSR AR O HI T 5 KT
DIREHEIS 2 DT, & ORI 3R BRI IR o v >~
MREBEDSHI T 5 C EPHERIIS T WL 119, T s Dk
EI, METNVT S VRO BT 2RI £ 9 charge
barrier 2AEE X, KW TBYEDMEIT L & & 12 size  bar-
rier WANAGAEDREENMb 2 L LTWwb, £ 2 Thhb
i, 9FE, Ab—27 AEB X URESRL 5 MFEEH
OFRPPREZREL, MET7 V7 S VRO BT 5K
LUHT O SRBRAR B AR R E LI D W TR AP 7 & ik L
THETT 2 2 e Lz,
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2. BERFRWEBICEH T B RPERHEME & BERATR

bbb O TIE, R TgG HRER ISR L Tla i D
M IZZE=D e o 7z 08, ML T 1b HDIRE ORI O
TRCCTHERWHEMLTEY, Lardb b, 28, 3AH
B LU 3B HOIRICERICHEML 72, —75, Ry 1gG HEt
BB e lafis L O b ORI X227 v 5 72 D5,
lafiB X IR A<, 2HMFCERE ML
2o DFD, Iho DI, KRERMEEEED size bar-
rier MR V7 S VIROHE T 3 LEI» sEE I T»
52 ERRBELTVDS,

1 HADRERNC i T L 72 B A Roa <, R 1gG
PR S 3R BRI O 2 AMRAEDER L &b AR
7o, R 7 VT S R E L RERIR U & AMRE DR
DI BEEOMHENE D s hlshrotz, DF D, R
IgG HEMREOPE L, T V7 2 VIRBHET 2 LT
SRIRAIEEEEOHEE E LTEH L WwR %,

3. BERFRAE CORPEBHEEE

1HACOPRH 1gG PR R ARERIA O & AMERZ DAL &
EHIERICHEMULLE Z Ens, %R 1gG JEHtRIE
HRE(la B1) & PR 1gG Bt & 88 e (16 J3) 12 X4 L
Tf/Alb, 1gG/Tf, 1gG,/Tf, # Xk WV 1gG/1gG, % EH L,
size barrier  J UF charge barrier O [EE 12 D W CTHET L
Joo RWFETIE, Cor EREHOMAPEE X 1alli, 1b
B, 288, BXUSAWOMTER oI e, BE
& EL 2 F VTR L 72,

FIYATZ Y VIE, TIVT S RBLSTERSD TS
WCARE WA, R h—7 AEMPIXIEE—T, FFEEEES
WU TWwb, bbb OEFETIE, Tf/Alb ik lafiL 1b
HICII B L 2= AR S Rwh, MREICHL C2iTE
BIERLTWE, D%, 2HTREFHOVREREZ2HS
TWw3 M7 yA7 ) YOPRBENRT V7 S izt L THE
ML TWwW3 Z &2 D, charge barrier OEED 2 {1 5
HEL TWw3 2 E2REBLTW S,

1gGid, PIV A7) VICHLTHFREAN—7 X
BENRKE L PUFBEEHE T TV L, bbb OBE T
IgG/TE i3 la HATIEIT AL L 2230 w2y, b HIT iﬁ%ﬁ
WERL, 2HITRHRERBRCET LW, 2D, 1b#

FARBRBEEROFLE L A b —27 AEPFEED 1gG O
PRBE 2SI T3 2 2272 ), 1b AT size barrier ®
BEENHEL TWwa 2 EE2RKIL TWw3, 2HTIHIRF
IgG PEft AR IC L L THEICHEML Tw 212 b »n
boF, RGG/TIHETLTWS ZEhns, 2HTIE
charge barrier %3 size barrier X ) EICfEEINTWS
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ZEPRBEIND,

—75, 1gG 33 FREA =7 AEN G LR—TH
205, HERED IgG LIFE LTI I A7) >~
[F] 55 DR 2 7 Do 12G,/THIZ IR & 1a 1, lbﬁﬁ
BXU2HOMIcED o7z, 1b A TIEETARD 1gG/TF
DEFE? S size barrier DREEIRIE S L7223,
rier PEEINHHCIT G LA TFREBIURA =27 X
BEWE—D 1gG, b Pt B HEI S 2 O T, 1gG,/Tf b |
AT 235 Ths, LiL, IgG,/THEEEE L b oD
RlCiZZER oz, ZOBEHE LT, 1gG 3 HERET
% % @O Tcharge barrier O 2 % 52 1F 72 w3, 1gG,
charge barrier DFEE % 32T 3 1z 12 RERIARELJE B C U
ENBLSEFEZOND, DFD, ORI size bar-
rier B[EE I LT W 553, charge barrier [F{FEFF I LT
% LIS B,

IgG & IgG Tt & A b —27 AFEW[E—ThH % D s
BWEIL B o, 1gG/1gG, DL T3 charge barrier @
M2 g 3 L 2 317, size barrier BSEE S T
charge barrier 2ME7z LT 28551, 1gG/1gG % FH§
2EZONE, L2, bvbh O TIL, 1gG/
IgG i la i e 1b BACIIIRRE & 2= 0 <, 2HITIETE
MzRL, SAMTHRICE LA, 3BHIcFAER b
HUl, 2%, 1gG/1gG,d, R T2 FHIENS 1b
WA R dnoTe 210820 2D DV TIESHRD
MEE A9, 2HLIBE DO FE B %, charge barrier O &
132 Wi o 1FZAE T 553, 3B HAIC I3 size barrier D[ B
b3 ERERLTWSE, Z0IgG/1gG, R 3BIITHRE
i FH U723 E, 3B HHIZ 1% charge  barrier X V) ¥ size
barrier DEEDHENKRENVWI L ZERLTWVWEO Y
LiL7g v,

Gall 5291, NIDDM 3 2R 7 v 7 & » Pt o3
300 mg/ H A LR (BHERE) & 30 mg/ H AT O GEBE
FEICXAr L, 1gG/Alb & 1gG/1gG 2 Raf L Tw 5, %
DOREAETIE, 1gG/Alb FEEFE R L CEEMTER
WART L TWieds, IgG/1gG s 3 FEMICZE 2R & o
72w, F7z, Deckert 5191%, IDDM [ % R 7 v
73 vkt E S & DI EE(30 mg/ H AR ), D2 #£(30~100
mg/H), D3 (101~300 mg/H), D4 % (301 mg/H LA
B)BLUDSHENEH) O SHICKS L, 1gG & 1gG,
D27 VT T A5, 1gG/Alb B X ¥ 1gG/1gG, & it L
Tw3, DR, EESEEICHLTIgGDor ) 7T~
A5 E B X U 1gG/Alb AEREICEE 2R L 725, 1gG,D
707 7 ¥ ASFENC BN C 2R S o T,

size bar-

D2FEE 1G22 ) 7 7 Y ASEICIE DI L EERS R
molzns, DIFICHL TG0 27 ) 7 7 v A ENEE
CH, IgG/AI ERICETL T/, DIfEL LU
D4 #fix, D2EICHL TIgG & 1gG,D 7 V) 7 7 ¥ A4
EECHE, 1gG/Alb EREIETLTWwE, 2% D,
Gall 5200RHE X, RE7 V7 3 o HEEE 2 30~100 mg/
H %~ 3Hi2 & charge barrier 233 X, KW THRA
TT S HEE OB & £ BT size barrier D FEEHH
WIHIELEERBLTWS, bhibild lafiiE 1bifiX
Deckert 59D D DI FEICAHS T 2 DT, o D3I
it 5 & charge barrier ¥ size barrier [HEEI N TV T
Linb, LvL, MET VTS VREHEHOERN TS L
1 U IR BAEAAT R > & RERIA IR R E O SRR S
2, bbb OB TIE, 1 #1T O %BRA LK IR 13
charge barrier Tl 7 < size barrier IZ Lk % H D EHEHIS L
%o 2 HHIZ X size barrier OESE|C charge barrier OEE 3
o 225, BE\EMERLTH2 EFEZ 5N, 3T, 2
HHDARFEE TN 2 & S 12 Hi 72 7% size barrier DHEEE b b %
Lo LI NS,

Viberti 545> Deckert &'93% 45 L 7z size barrier @ &
FEIWLED HICASNBBRTHY, Z OREEITREK
HEEBRICY v MEEPHEB L7200 b 020 L %
ZBND, —77, BERBICA SN 3R 1gG Fht & o
WK Bk B SR @ 3 B 5 L T\ 2 WREE DS B B,
GFR I3HERSE QPN 3 L0, BREDOHER & L b
EFLL, RRES LT, DD, ﬂ?iﬁ'(‘r%r?‘ﬂﬁﬁ
DS SRIREEIE N B D, SREAW S LT ORI H
L2z %, Parving 52213, GFR @ & & LA L/’CTDETK
WHFRER S THRED T X N 7 O RPERSE TS
BEHREL TS, £7z, PEEOSINEZE L IZFERE
7 v NTlE, REEANERZO LASED 5 d LndH
FY DB, HARSNL, REMAIERETTAE 2 KT %
3N T2 IEHEFE (FF) ERERIE O £ AMREZDORE %=
BETL, Dy» 5 Dy TO FF BERMU EOBEEERL 2
s, BEORICIIGRIRENEMENFES % £if
RTWw, LL, bhbhod laffle 1bILIRF 1gG
PRttR I LV XSG s bOTHY, laffie 1bHID Cer
KRR »oT, DF D, RRENFIME L > TRH
IgG PRSI BEINT 2 L FZ 5 DIFEENTH %, bbb
NORED ol s iz 1 #i & HIE 3 % size barrier O
B IE, FRMHABRETH S > v > MR TR, 1
WRERICE2DDEFEZ LI ENTELD, DFD,
RERAREE RIS 1, 1 8 & size barrier & W] 3 [ 72 i
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ENEFEEL TE Y, 3HILIEIC 25 T size barrier 234 0]
WHNCHEAE T 2 b O EHEHI S 5, Deckert 52913 1 H1Z
IX size barrier IZHEFES® charge barrier ICJ#59257% {, &L
2 FERER AP L TR SIS Fr O B BB 2SN 3 5
DT, BHEEMENPERLICL K &D, TEED 1gG
DML NIEINT 2 D EHEBL T B, DF D,
FReR 1gG OB N2 779 | BADREBNE, SRR AR 5L
DIFBERAFEIC L 2 VU AMREPER I TVw 5 &%
Zo6Mb, blbhOEEE, | BOEF CRRF7 VT
3 R &SRR O E AR ORI E OB R
SN oT, EH7NVT I VR ERELZE T 510
REAWRKREEEE2ZE LIS WKATH 2 LF2 5
N, ZOFATORRED E AMRE 2RS¥ 2151E L
L CIRT 1IgG it B ORENBR EH 2 5h b,

4. R IgG HEtt=E & thRIEIRE & N1EES

FRAE PRI OB 1213, SRERME T OEERR B X
UIRHIE CORBPE TS L Twb, LzaioT, %k
ERfAT D charge barrier OfEEE 2 FZ T 5121, RGO
A RMHT 5 2 LT E v, Deckert 519%, &7
VT2 VRN IDDM B#E T g,v A va a7 ) vk
MROE P S, MET VT S VRN RMERED %
WZEEBHOSPIZL TS, £z, AV, K#lEO®
BrL-7VF =AM TREL ety o, FIHBED
NIDDM 3 T3 charge barrier IZ[EEN A 5 Tz &
LTWw5, I RMEMERE IR CHEL TBY, &
DTEATEHERED b DI CRRMEMEERCEE LR
TL, EREESTHIEIZ EHRN ST Z>T»
320, ZIEe®k, METNVT S VIRERET B HERERE
ZIMFE 3 > b o — R & # YR (HbA, <8.0 %) & R
HFE(HbA,=8.0 %) I2X43 L T Tf/Alb ZHFTL TH D,
Tf/Alb L3 HERRICEE L TR RBECHERICEE 2R L7243,
FERFICHIE L7 IRF B~ 4 7 a7 a7 ) Rt 32
Bhhole bMELTWDE, DFD, FIYA 72U Vi
TNT L AZH U TS T OFBRIN O R 5 { 20T,
FHC S MR DS PR E OFIRINBEDIE TICHF G L T 5 &%
Zohd, AHFETIE, 2HAD TH/Alb IIEERICEHL T
B ERLTww, 2HoMpEa > b o — R =
IBF &2 DFEYTRECHS LT W2 2 e s, 2HITORME
BRIGEDOE G IZZ L w el s, £/, KBS
X, BERRRE SN R E Lz 1gG 2V 7 5> R /1gG, 7 )
7 7 v AT X 5 selectivity index (SI) 2 AW /25 T, 1E
WTNVT S UREETIXSI 201, ET7 VTS VREET
13097 ZiR L7228, Ry g~ A 7uru7 ) Pt R
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M TEN L P57 DT, MET VT I VRFED ST D
BT R E RS & 0 SRR EEERREE O BN K E »
LIREL TW B, & 512 Tucker 52953, A ML 7V b
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EEBWLTw5, ZOWETE, 7IV7 2 ORMEFR
INREDMET 3 2R & LT, MRAMSIEa > o —u
RIABTFELT0WB EFELTWDE, £z, R NAG X
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RECIIIRANE LMD 2 4 YV YV — 2 OBSRER 12 X D IR
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FLEENC 31 % charge barrier DEEICEEK T 2 2 L 2374
SR, REOES R Wb L Bbh s,
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