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Summary Factors other than hyperglycemia have been suggested to contribute to the progres-
sion of overt diabetic nephropathy (DN) with massive proteinuria, and hyperlipidemia has recently
heen incriminated in this process. Expecting the effect of lipid lowering in the retardation of
progression of DN, we applied LDL apheresis a total of 6 times, twice a week for 3 weeks, to nine
patients whose renal function had been progressively declining. In seven patients, renal function
was improved only transiently during the period of therapy and 2 weeks after therapy. Two
patients who received additional LDL apheresis, once every 2 weeks repeatedly showed the
suppression of decline in renal function for 5 to 9 months. In conclusion, LDL apheresis may retard
the progression of overt DN when it is performed repeatedly for a long period at two-week

intervals.

Key words : diabetic nephropathy, LDL apheresis

PLIRAS M AE OB R 2 3 S 1Ak

1. %&

il

frigfE s 2 BN &

LTEHZ T WA SHERI LR OB R0 TE P
WW%WW%HvaA%ﬁle?%O%HWQ Th, ETENO 1 5L LT, mal, IRPITGHMH
WL YD by, FOBRIZEBR» DA Bk FHEATEXTED, @IBIEED 2 > b — A0

EAIL N LT, BT b I KB R 5 00— MENBICEH TBHT,

H&}&%1~°%4” F o2 OB T, KW A LDL7 7 v ¥ A (LDL-A) &3 Tz, fallRii
WD A IENTE LA B e U 72 BERR MH HIED 5 2 BURARBRABYEAE 12 & 2 4 7 v — R i
%,Mn%wqfﬂ’)yﬂuim HOEAKZ INEAETN 2 7 0 — VIR A SR A X B0 Zem
BRI S B 1R AﬁL*bW’. X ATV A0 U BRI o 3 4
Ok D BRI EEE OFRAE I, FRUEE B LDL-A #&Aa-lEIZIT ARV, 22 THMbD
f%:“immw&mk;%T%U,*ﬁﬁﬁﬁﬁﬁ iwﬂmi SHROEMRE AT 2 4 7 10— EHOFIK

i OB OB R I B LT, o 2 > b IMEBYEICXT L LDL-A #R61TL, 2 OF%hiko £y

UL AU ik D, WAALGESEES z@ﬁﬂ,k.

ZENYS M EN TS .L# % DEMHR % 5 - "

v ) Z WP LA Tl ififE o a2 > —n@:ﬁﬁwﬁ

W EREREAR I ANtET T L, lrulﬂlﬁﬁu/ﬂﬂ)LJT’EW%)*EH’ 2.1 X %

XHTnd, 20 L) RO RERKIFTEE RS MNHE, FROEAREZED S %%memlF

ﬁwf,whw%WWU¢ﬁﬁmﬁ$%%ﬁﬁbnf W(%@GW P 3B, VIR 60.326.3 %)

W EHDD, FOMIBIEARLE A OIRETH S & ﬁ%h%cﬁ%é%%%%ﬁ%”%%%“ﬁm
~ﬁﬁm,m%MMt<umdDmeﬁﬁ%%@ %(im%t SEIAEEM BRI H 2 WIETE AR

LA tE S 2 gt ni i ST EH D, REKEAOHR Eﬁblﬁéﬁ‘é%\%'(‘% D, HETPEOPRERENS &L

LAY 7 2 Lo ARt 1748 2 5 (1998)

85

NI | -El ectronic Library Service



Japanese Society for Apheresis

K1 NREH
Gender Age U. Protein Cer S.cr  T.Chol TG LDL VLDL
- ™ (years) (g/day) (ml/min) (mg/dl) (mg/d) (mg/dl) (mg/dl) (mg/dl)
1. KS M 50 7.23 34.0 1.68 288 203 1,112 180
2. S1 F 59 2.68 18.9 1.68 312 1,002 884 1,426
3. FK M 60 2.42 26.3 2.62 237 200 693 307
4. SS M 71 4.36 50.2 1.71 265 106 733 115
5. TK F 53 3.84 8.7 6.10 238 151 736 101
6. SH M 57 13.8 25.5 3.48 250 190 662 324
7. MH F 66 8.7 38.2 1.44 342 315 952 376
8. 11 M 66 5.9 79.3 1.25 243 92 558 108
9. TO M 61 10.0 38.8 2.00 201 122 574 87
Normal range : LDL 130-580 mg/dl, VLDL less than 210 mg/dl.

%2 1[0 LDL-A I 2MERERENE(L

n Pre Post % decrease
T. Chot (mg/dl) 9 245.8% 44.1 101.0% 22.3* 58.6% 7.3
TG (mg/dl) 9 268.2+291.6 129.4+184.5° 57.9+11.1
LDL (mg/dl) 8 685.1£186.6 176.3+101.1* 73.4+14.9
VLDL (mg/dl 8 360.5+515.9 148.8+322.1° 75.8+16.7
HDL-Ch (mg/dl) 7 39.0£ 133 35.74 11.5° 8.1+ 4.8
Apo A, (mg/dl) 8 139.4% 27.1 108.4+ 28.1* 22.7:+ 9.8
A, (mg/dl) 8 35.3%£ 11.6 25.3+ 8.92 28.1:+10.6
B (mg/dD) 8 162.3+ 88.3 49.6% 52.4* 72.8-+11.8
C, (mg/dl) 8 6.6 5.0 3.6+ 3.6 48.0+18.7
C; (mg/dl) 8 16.9+ 8.6 12.0+ 11.7 34.7-+27.8
E (mg/dl) 3 6.1&4 3.8 2.5+ 2.2» 59.7+22.1
Lp(a)  (mg/dl) 7 26.4+ 19.3 6.9+ 5.0 70.4:£11.6
RLP-Ch (mg/dl) 7 7.1+ 4.7 2.4+ 2.2¢ 62.0:£19.7
Lipoperoxides(nmol/ml) 4 4.8+ 2.1 2.8+ 1.2¢ 41.9+15.3
Significance a: p<0.001, b: p<0.01, c: p<0.05.
Tz, NREF OB HEECIIHERERE IE 1 1R 23 ®ETIEH
TEBYTHoT, SREE TR, 24 FEERIC L 2 REQHHED

WREETHE, f>7r—LFarty hE2ET,
TFRD & 912 LDL-A #1715 7z,

2.2 LDL-A

221 1T H &

LDL-A 1%, BEHOKRERIR % 2% U ¢ Mg % &4
TEERIP I X, h 72 A MBS 1 TR IR
WEDEBLMEE, towh 7 AREM Y Ky —
LA KRS A2 LI L0 T/, 1 EOIM
SEE, 4L & L7,

2.2.2 HEfTMERE, HEESHARS

a) SR

SRBHTIE, M2 BIOMEE CEkE 3 A, 436
[0 LDL-A %217V, EiisEdusEsd s L.

b)  RIHRTERRE

2HROBHE L, LEEOEMERRED 3~8 2
Bt& &b, 2:8MC 1 B OB ] ki S b
720 ke LT LDL-A 217V, RHAMaER: & L7:.

86

HAT 7 x L v At

VT F=Zr VT 7R (Cor) OHIERTTH T,
FrEsvy 5= (Cr), avxsu—n (T.
Chol), HEfEN; (TG), {KILE Y KEH (LDL),
HELE Y REH (VLDL), Y K&V A5 0—
v (HDL-Ch), 7RV KREH (Apo) A, A, B,
Coy Csy E, UREH a (Lpa)), VAaF> ) KRE
Fa2Vv A7 a—n (RLP-Ch), #@E/LISE 2 HE L
7z,

3. %

3.1 IMREENEHRE

LEO LDL-A W L 2 1MMHARE 5 & O REFEE
DEALB L WP EFIE2ITRTEY THD, Apo
Ca IAME MR E 2 LDL-A BICHBEICE T2
7o, &7z, REARIEKFRZETO 1180 LDL-A fifTERH],
Efks & 02 BBOBITEN O MY LDL % & e
VIDL #EOZIZM 1 R TEY TH Y, WL

R

17425 (1998)

NI | -El ectronic Library Service




Japanese Society for Apheresis

mg/dl

900+ e LDL

o VLDL
800}
700t
677.9175.6

c
2
© 600}
t
[T}
g 500
3 489.1£192.1
c
°
o 400} 397.6+205.9
a
<]
8
- 300

200 L

168.3£40.2 n=1
1ok MtSE
1 1 R 1
—i}
Before After 2weeks after
single
LDL-A

X1 LDL-A 7RI, E#, 2:8R# Toms$ LDL, VLDL

BENEE)
T
“ \\\\
S'SJT
3.5F o
3
E)
E 3.0}
g
% SS\
2.5
5 i
E
3
o
o 2.0 Too\.
FK o\.
KS
sl
1.5¢ MH‘§:
1) O—
1.0F
L 1 1
Before After
LDL-A Gtimes LDL-A

X2 LDL-A f@HB&EHEER], ETOMS CriEENZE1L

3.2 FEHREPEENYHR

3.2.1 1 7—IHE{TEE TOE

ML Crix 9 #rh 7 BT R 2380 7 (4 2), Ttg
MHED S H, LDL-A BIAEFO M Cr 6.1 mg/dl & 1

T

50F ss

s

af

T0

KS

FK
SH

20}

Creatinine clearance (ml/min)

w

o

T

=
W [

S|

1 J.
Before After
LDL-A 6times LDL-A

X3 LDL-A fHB%EHEER, % TO Cer DML

14.0F sH
13.0}
. 12.0F
>
8 1.0f
2 10.0f To
-§ 3.0r MH\
$ s.0f
x [ S—
© ;o) ks —e
£
[
§ 6.0 1
: 5.0F
§ a0 °°
S 3.0F
20l 7K
1.0}
I 1
Before After
LDL-A 6times LDL-A
4 LDL-AfGHAS R EERI, # COREBEBRIME CriBfE

NEAL

Bl GEGIT.K) Tk, MmiECr DR TF2#b 50
DERD T HEF T AT ENFHREAGA L 70, 2
D1 AERGWI: 84D S 6, Cer i35 %410 THEE A
B (H3), REOHEME RS s THd 2R 7
(14 4).

3.2.2 1 7—-igfTRORIBESERZSR

BHERER T ETHE O L%, 1 Cr O (1/
Cr) WTHIEET 2L, LDL-A Jifivdids X Wi Tl
—RFN AETT DINH 2 38D 7248, JafT 2 B o 1t

AT 7 x by AR5 17 5% 2% (1998) 87

NI | -El ectronic Library Service



Japanese Society for Apheresis

LEINH T ORE TEBRIK T ET L (M5).
3.3 REARBKEENIIR
RHRMBEEEBIT L 2 L0 BBEOHKR %

1/Cr e THELLHEREZIN6BLI UK 7TICRTHED

Thb.

FEGI M. H. T, 5 2 B OARRERTT I B HE

EFToO#ETOERIZELEE2E D, Z0OM, BEO

LDL-A FE{TIERT O I LDL ¥ 1% 711~935 mg/dl

1.0

LDL apheresis

WCTHER L2 (K6), AENXEFRE AR 7,
Z D DIRECRSER S 2 ikt LB a7,

FEI K. S. T BEHREETOETOME 2 72,
AP TIHEEAREHRE L OHHICE Y &5 T
mEls i, 92 HEWC O DERIELEED s Tnwiz
», 10 2 B A CEBE OETERE S 72, &K
HITOMmEEIO LDL-A fETTEATO M LDL #AE 1 Y
#9000 mg/dl A FOEMTH > 7228, HiT9» HH
PIBBIERE IS $ TERTL T (7).

1. 2=

EHOBEREBICE YD, BiErd 2BEULEOAXA 7D

\/Cr YHRICEEER ST AL, DURBRIEFOEELRERL 2V
0.5F HOFRE QM 2Mb T, H5 032 DFEEST T
FERELTOTy, ETHICBEREET2ELTI &
BIALEHBEIN TR LEIATHAS., ZLTREDE
BB OKKRBRTH 2 RERIREEIE, BEERRICH,H
@f 7ssm1nﬂ@zs4 5 6 7 8 b S THR S CHPLOTREEIR H A2 232 & L 3l
Month HohTwna, FBIRREEBFEICBWTY, ZOFFE
5 EAS.S. ST 5 LDL-AEMkhauE L Bigseone o0 on CORIMIATEIT LT o045, 1TH0.5~1.0
% (/cr) g LEOEZHOEHR &R0 2 \EHILIL T, (F
1.0 - LDL.-apheresis
ml” LDL-apheresis
FEHEETT T
Ver
0.5 S '_'._0‘_
Serum LDL 1018 664 955 739 800 839 935 71t 735
(mg/di)
1993 1994 1995
8 9 1011 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4
X6 fEf M. H. DBHEEDHTE (1/Cr) & LDL-A SR EES L URBIBREEOWE
1.07
1/0’_ LDLuTl)lil'emsis oL )
\\V\/ FELRLLRRLI R b Ee bbbl
059 ‘\v«\__\
+ . ‘wﬁhtu\\\}\\\‘\k
Start of low protein diet ° [
Serum LDL 1112 521 1198 1168 925 982 908 697 652 575 606 557 625 784 643 637
(mg/dt)
1993 1994 1995
4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3
X7 EFK.S. DBHEENHRE (1/Cr) & LDL-A SFHEHEXE L URBNGREENDR
88 HE7 7 x Ly APt 175245 (1998)

NI | -El ectronic Library Service




Japanese Society for Apheresis

0> > b u =)k &L BRI BRGEIR R N T 50,

T LT M O B & R A S BRI L35
WL T, KIHEA4IcE 5
:wii&%%mﬁm@Ek HEDO L HE DO &
L, M TEEO Y X 253057 4 7 0 > Ol
?lf?:iiﬁxﬁ)u& (hyperfiltration) %ERENESIE, H 5
W S SRER RN B THE A E W EE RN L LT L S
HCwdh, SOkl Ty, IBERBEESEHSA
TETEY, willGME TR RO E TERO—>
TSN TV R, LA 7 o — ViERRE
T, ZHOBPRICHE > TEIRMELS 232 2 £
LR, ZOWIRINEN S S I BRH A2 B X425 &
WOERE AL T A TEE SR S Tn B
ﬁvbﬁvvzﬁﬁjbxfm%wﬁf%afét
PRETY I EEEENBO S b 2 L0, RIS »

M) RECIORE & L HIic e b ERA BRI LA
(FGS) B ARERBIREDO BN & T 519,
O Z X, SIRIUE X HIR T b RERIAR A 2 B L

ﬁ%%nhthmﬁw AN, Flob b TOHER ORIRKK
B BT 2 B AR T, BBE®R ) KEH ORI
l’\J(ﬁLfﬁn,b&‘)unfb D, InoxROHBETIEE
FIDRSP BRI L O RERE 8 &
O XD R ENEREY AL - (EET 2EFO
HNEA AW T H 0 fE OB % 7o vy, BHIEETI,
TELTUTOADDEinHIFonTwaY, 201
F, SRERGRSL O 1 RIGERIC sk U CBRICFIR L
TS MUK EERF (PDGE) 7% EOfEH % U
RHHNE SICHIBR S E T, A > F 7 AR 4
EELETLLDOTHS, FH21Ti3, VREHE~Y
07y =2 EOMAERIC LD, BRI LR & 580
Ok TR SN L T2 D TH 5,
SEH &L TiE, VKREAD TGF-41 (transforming
growth factor) OERZNML T, X4 >F 7 AHH
DHERE WAL, RERMAR LA
EoCAFH E LT, FREAHIBIIRM RN O BERE(R
TAGIEE I L, U XD RERAREIE A X

el

RIS HEIT T 2 6 T2 0D TH S, £
It TUE, b LDL, $8{t LDL & & i3 B bhtqb
LDL OB %EnEA s N T W5,
ZOED e, MEREAKTFEE 2 2 L,
ﬁ%ﬂw&%@ﬁﬁmwkﬂ%tgi%n% Ll

FRE L, B /M*] I’P IBWT, EYFEIC L Il
Wl {R s Z& fJ’J&TJ Bk HR & %8
20 3 dh 4 K], ﬁ‘—fXJ ETAHE L HD, HF

HAKY” 7 2 by X

FOEETHIzEnH,

REFZONT NS,

SR

LY REN—HL T Tldaun,,
7 LDL-A &, Z AL E Tl iilbifs % £ 5 bt
SREKARE R & I HRORER IR b i L A R v —

JEMRFRICHAA S, —TEORMRE 5T 2 W0 o 1L
TETwBI X5z, LDL-AMRTighe 0 2
B IC OV TR, B, FFRIE O P oL ik 4
WT 202 EELYTRAEVERZZONTETE
D, AEQRI & D IMHEE A GE O A Hh29 30 L 1L-6 B
M5 D ZZE 3, AP O A L P L T B nfE
HHIRNEN TN,

AT TR & LIeBERISTERIE T, # o fEf it
PR Bl U7 & 0 A BB MGE O B L34t S 4L T u
50, 2T, 270 — k%wﬂmmm'ﬁH
FHwxt U LDL-A 28 L 70 & 25, AT H WRE]
WA CEBRESCE O AR T 2R . Lal,
ZORBATLT U TR L, JEFIBDIA D 7
VTR H O, FIHAEFHE L TO 6 Mo LDL-A §iif
TOWE L, M Cr, Cer, REFIPEM N & & #HH
FETHEOV L otz £72, JUkt
ERARBEALIE IC & 2 4 7 0 — UEGRREE0 o INA LI
70— EERE? TAOND LD 7% FW s v
D THEBNT 2o 7o, & O W BN T e TR R
AR T ST DG H R o L7z 0 1E, LDL-A fiti
TR O 38 B L itk 2~ M TTH Y,
Z LA ORI T £ 720010 ) O M TEBAESME T
L, RHIFNZ AT LDL-A 217 72 85801000 & 340
Shiiroiz,

IM#& LDL B, FHAS i % L u
K FEEDIH, ETHE4METEHTICO L L
5 Tz, LDL-A {B#IC B 2 IMF IS PTRew [H4
LN IORRETIx, LDL-A {7y a2 s
TCOWE IS 2 £ TOMR, T. Chol % LDL %
#)7TH#%, Lp(a), RLP-Ch Tt # 14 11#, VLDL
TWHIHTH-, ZOZE LD, LDL-AWCLDY
MERERE 2 —E LTI 3 > b u—)b U TR
BAEDMEIT 2 M3 51218, L &b 2 MILINIE
RELT, RIS LENH L EH 2 oL,
T 2 BNt U RIAMIRE A 1T - 72,

R L 217 - 72 2 BT Hilich 72 - ¢

EHEREIR MEITOMHIZIE AT S 4Ltz hs, 1 HITid
BRTZOMEBHED SN L Lol OO
LDLiRE OB LBE T 2 &, §ikTl, o
LDL-A B OREIIE T L T Y 2% O Kl
AR S R P2 & 7> Tuste s, HPTlE 2 adsie

et

> -
T~

17425 (1998) 89

NI | -El ectronic Library Service



Japanese Society for Apheresis

BT FTERTLTCWR, 202k &b, #E
DT LDL-A OZRMBEED oz 2o 72 D3,
BEOME LDL RENERE 2 EET 213 8EHE
Sl ollzv b bEZ oz,

(1]
i
E

BEPRIEMEBE ISR 3 % LDL-A 13, SRR ERIARE{L
ﬁm;é$7uwtﬁﬁﬁﬁﬁbn1w5ioﬁﬁﬁ
ERHROMEIT T, [ SERIEERD wb%n&m
U U, @ERRMUAE % 5 U CHEI T 1 BHEAEIN T 2580
5&5@%ﬁﬁﬁ%ﬁm,zﬁW:1@®ﬁﬁfﬁ@
unﬁbA%ﬁ%: 1, BEHEER T ET OIS E

ELAREMED D B,

X )3

1) DeFronzo RA : Diabetic nephropathy. In: Diabetes
Mellitus, fifth ed, Porte D, Sherwin RS (eds), Appleton
& Lange, Stanford, 1997, p. 971-1008

2) TREC I BERFEEFOREROROMIE. EEKKARK 26:
582-587, 1996

3) Rodby RA: Type Il diabetic nephropathy : Its clinical
course and therapeutic implications. Semin Nephrol 17 :
132-147, 1997

4) Guijarro C, Kean WF : Lipid-induced glomerular injury.
Nephron 67: 1-6, 1994

5) Keane WF, Mulcahy WS, Kasiske BL, et al: Hyper-
lipidemia and progressive renal disease. Kidney Int 39 :
s41-s48, 1991

6) Kondo S, Yoshizawa N, Wakabayashi K : Natural his-
tory of renal lesions in spontaneously hypercholester-
olemic (SHC) male rats. Jpn J Nephrol 37: 91-99, 1995

7) Ellis D, Lloyd C, Becker DJ, et al: The changing course
of diabetic nephropathy : Low-density lipoprotein cho-
lesterol and blood pressure correlate with regression of
proteinuria. Am J Kid Dis 27: 809-818, 1996

8) Mulec H, Johnsen SA, Wiklund O, Bjock S: Choles-
terol: A risk factor in diabetic nephropathy? Am J Kid
Dis 22: 196-201, 1993

9) Krowlewski AS, Warram JH, Christlieb AR: Hyper-
cholesterolemia—a determinant of renal function loss
and death in IDDM patients with nephropathy. Kidney
Int 45: s125-s131, 1994

90 HAT 7 2 vy AEaMs

10)

11)

12)

13)

14)

16)

17)

18)

20)

21)

22)

23)

24)

17#%2%5

WHE—, & IEE, SRS, fib D gt 7 o — iE R
BT 5 LDL WEREORARR. B BN 33 141
148, 1992
Muso E, Yashiro M, Matsusima M, et al: Dose LDL-
apheresis in steroid-resistant nephrotic syndrome affect
prognosis?  Nephrology Dialysis Transplantation 9:
257-264, 1994
FMAT, @5 A8l N D LDL BB Rk 2 I
Y7 ARY UBEFH LA T a4 NEFERUNE (R A
7 u— EREEEEO—F]. HEEE 38: 46-51, 1996
’%B]?% D BRI BE 1 B3 2 5. A AR
ZEHE, VR 3 AR ARG E, p. 317, 1991
Vlbertl G, et al: Diabetic nephropathy. In: Joslin’s
Diabetes Mellitus, 13th ed, Kahn CR, Weir GC (eds), Lea
& Febiger, Philadelphia, 1994, p. 691-737
Wheeler DC: What is the evidence for their role in
progressive renal disease? Nephrol Dial Transplant 10 :
14-16, 1995
Kamanna VS, Kirschenbaum MA : Association between
very-low-density lipoprotein and glomerular injury in
obese Zucker rats. Am J Nephrol 13: 53-58, 1993
Takemura T, et al: Apolipoproteins and lipoprotein
receptors in glomeruli in human kidney diseases. Kidney
Int 43: 918-927, 1993
Schlondorff D: Cellular mechanisms of lipid injury in
the glomerulus. Am J Kid Dis 22: 72-82, 1993
Lam KSL, Cheng IKP, Janus ED, Pang RWC:
Cholesterol-lowering therapy may retard the progres-
sion of diabetic nephropathy. Diabetologia 38 : 604-609,
1995
Sasaki T, Kurata H, Nomura K, et al : Amelioration of
proteinuria with pravastatin in hypercholesterolemic
patients with diabetes mellitus. Jpn J Med 29: 156-163,
1990
Hommel E, Anderson P, Gall MA, et al: Plasma lipo-
proteins and renal function during simvastatin treat-
ment in diabetic nephropathy. Diabetologia 35: 447-
451, 1992
HE IR, EHR—  SRIE % & 0F U 7 RIS R Bk i
BIZ B % LDL-apheresis DENFEFEHBEF — MR B
X UNEE « BREE R A S ORRET. BRI 63 452 SR GUHU R R IR
(#5R) (PHT o WIRIRkEE, WuiEifdR, 1989, p. 184-
191
WD, s
42 225-229, 1997
fA &I, HE®R | LDL W& E L (LDL-A) B3
MR E B B3 2T, A LREER 25 697-701, 1996

e

nﬁ

CLDL 77 v — v AR B BN

(1998)

NI | -El ectronic Library Service




