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Effects of lysophosphatidylcholine on expression of monocyte chemoattractant protein-1

in glomerular endothelial cells

Rie MIZOBATA

Third Department of Internal Medicine, Wakayama Medical University, Wakayama, Japan

Glomerular endothelial cells (GEC) produce monocyte chemoattractant protein—-1(MCP-1), which is
considered to be an important factor for the recruitment of macrophages into the glomeruli. Recent reports
have suggested an association between oxidized low-density lipoprotein(ox-LDL) and progression of
glomerular disease. In this study, the effects of lysophosphatidylcholine (LysoPC), a modified phos-
pholipid produced during LDL oxidation, on MCP-1 mRNA expression in cultured bovine GEC were
examined. GEC from the 8th through 10th passages were used. LysoPC substantially increased expression
of MCP-1 mRNA when compared to the control. These findings led us to examine the mechanism of

LysoPC-induced MCP-1 expression in GEC.

LysoPC-induced MCP-1 mRNA expression in GEC was suppressed by genistein and staurosporine.
It was suggested that both the tyrosinekinase (TK) and proteinkinase C (PKC) pathways were involved in
LysoPC-induced MCP-1 expression in GEC. MCP-1 mRNA induction by LysoPC was also attenuated
by Vitamin E. This effect may be related to the beneficial effects of Vitamin E on experimental glomerular
disease models. In conclusion, LysoPC increased MCP-1 expression in GEC. This phenomenon is
believed to be mediated by both the TK and PKC signaling pathways, in contrast with other vascular
endothelial cells. Vitamin E also attenuated LysoPC-induced MCP-1 expression in GEC.
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SRERIA N SRR #5512 O W Tk Ballermann &' O f
HEr—EHWREL UTo 7, T72bb, Mlidhi-4&%3h
ADOw DB e, 180 ym, 100 umFED X v ¥ 2% Hv
T RBRIK % B U, Hanks S ff7 3 ¥ # (HBSS) (Nissui
Pharmaceutical Co., Tokyo, Japan) HpZ il & ¥ 7z, HBSS
1T 3 [EIEeETE, 0.1% collagenase (Sigma Chemical Co.,
St. Louis, MO, USA) 2 THHIL L, SRERMRHIIEIEE 2 15
120 FDOLRE{RMAL A 17 % Fetal Calf Serum (FCS) (Ni-
chirei, Tokyo, Japan) %#& ¥ RPMI 1640 (Invitrogen Co.,
CA, USA) B S ¥ 80 GX2 T L, Bohie
E#ER 180G X104303E L, L v b % RPMI 1640 B5Hb
THEES ¥, M % gelatin # X O fibronectin T2 —
FL72 247V — b RIic#AE L, 4 IR FEAE Mg
EEEEEREL, 2.5% Nu-serum (Becton Dickinson, Bedford,
MA, USA), 17%FCS, 0.3 mg/m/ endothelial cell growth
supplement (ECGS) (Sigma), 0.05 mg/m/ heparin 25t
RPMI 1640 B #liH THEFE L 72, #9 10 HER I % well HIC
MR %Y 300~500{f & o 7cam=—%2 7 a0 —= VT Y
Yoy —T24R7v— b Eic# L7z, BUF, near conflu-
ent |23 L 7z #4lffd % 0.01 % trypsin/0.02 % EDTA (Sigma) 4L
HICTHMR L, 15% FCS % &t RPMI 1640 £53H1C THE
R Uie, FBRICIE 8~10 FROMIIZ 6/ L 72,

SAERAR Y R M oD [7] 7 12 1 P EE VINER] 7 BE S T R B 1,
Dil-acetylated LDL (Paesel Lorei, Frankfurt, Germany) 0
WD A B, AIAHZESRRERC & 2 PREEIEE T1T 5 721

Fig. 1. Morphological appearance of GEC

Fig.2. Indirect immunofluorescence micrograph of
GEC with anti-factor VIII antiserum

Fig.3. Fluorescence micrograph of GEC with Dil-
acetylated LDL

(Fig. 1~3),
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1) Study on the effect of PC and LysoPC

PC(10 u M),

LysoPC (10 M) RNA isolation
1 4
; 7 days : 3h } S RT-PCR analysis
RPMI 1640 medium FCS free
FCS 15%

2) Time course study

7 days

ll 0,1,3,6,12h |

LysoPC (10 « M) RNA isolation

RPMI 1640 medium
FCS 15%

3) Dose response study

LysoPC (0, 5, 10, 50 u M)

7 days 1

RPMI 1640 medium
FCS 15%

} — RT-PCR analysis
FCS free
RNA isolation
3h ¢
t — RT-PCR analysis

FCS free

4) Study for signal pathway of LysoPC-induced MCP 1 expression

genistein(100 u M),

staurosporine(100nM) LysoPC(10 u M) RNA isolation

7 days { 1h

T

RPMI 1640 medium
FCS 15%

{ 3h i
b { — RT-PCR analysis
FCS free

5) Study for the effect of Vitamin E on LysoPC-induced MCP-1 expression

Vitamin E (2 u M)
7 days % 3h

LysoPC(10 u M) RNAisolation
{ 3h N
+ t — RT-PCR analysis

RPMI 1640 medium
FCS 15%

Fig. 4.

2. RNAHH & & U'RT-PCR% IZ & 3 MCP-1

mRNA FEI DT

RNA X AGPC " THE L WiiE 5%, MCP-1 B8 X0
B-actin © 7 F 4 < —% v T RT-PCR % 2175 72519,
PCR D &f4:1% denature 95°C, annealing 45°C, extention
72°C, 26 cycle & L7z,

BonT PCREYIZ 1.5%7 o —A % )V CELSIKE
L, ethidium bromide THA L 721%, 7V 2 RZ7 A Nk
W llze EHICZFDEHEY image scanner THL D A A, [H
RfFHTY 7 b NIH image % > T3> N density %]
EL, MCP-1 1353 % B-actin @ density %2 > b o —
NVELUTEHML 72,

3. =B O b a—JL(Fig 4)

1) MCP-1 mRNA F3812 &1Z3 PC & LysoPC Dsp
D HEs

SRBRIARN B 2 7 HE RPMIL 1640 B33 THE#E L,

near confluent 12 7% - 72}k #& T PC, LysoPC % £ 10 uM

FCS free

Experimental protocol

WL, 3% RNA 24 L, RT-PCRIZ XD
MCP-1 mRNA OFEH 2@t L7z,
2) LysoPC # 5.1 & %2 MCP-1 mRNA F¥ D £ iy
ZAL DR
1) L [FIBRIC 7 HIEESEE L 724, LysoPC % 10 uM ¥R/
L, 0, 1, 3, 6, 125 % 12 RNA Z i i L, MCP-1
mRNA OFHEEHEZL 12,
3) LysoPC# 581z X 5 MCP-1 mRNA F3 021t
DOReET
D) EFEBRICT HER 2 L 72%, LysoPC %20, 5, 10,
S0 M g OuIL, 3KFE#R I RNA 24t L, MCP-1
mRNA OFR % &7z,
4) LysoPC iz X 2 MCP-1 mRNA SHOHIN > 7
T VABFEERREE OIRET
LysoPC Il c & 2 MCP-1 OFIHDOREE & L CHIaWN
VT FNMEERBKORFER L 2 D TH 5 tyrosine kinase
(TK) & protein kinase C(PKC) DRIz DWW THRET L 72,
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p<0.01

MCP -1/
B -actin ratio

Cont. PC LysoPC

MCP -1

B -actin

Fig.5. Effects of PC and LysoPC on MCP-1
expression in GEC

MCP-1 mRNA expression was increased by LysoPC treat-

ment, but not by PC.

SRR BN 2 7 HFR % L 72, TK &5 & U PKC
43z 14 5 £ S TWw B TK inhibitor T#H % genis-
tein 100 xM'® & PKC inhibitor T& % staurosporine 100
nM"? TZ N ZNHETLE L, | K1 LysoPC ZEA0L
7zo URINEE 3 KEMHIT RNA Z i L, RT-PCREEIC LD
MCP-1 mRNA OFEBL% AT L 72,

5) Vitamin E O%)5

[FIRRIC 7 HRERERIE N G 2 5558 L 72 %%, 2O
Vitamin E (Sigma)2 xM T 3 RfEiEifleE L, fiEmIiciD
A F W72t LysoPC Ui L 72", LysoPC UsHIHETIC 135
79 % Vitamin E %2 & L REEW 2 Pk LY Fruv 7z,
LysoPC #shntt 3 Bsfifi© RNA Z#iHH L, RT-PCR #EiC &
D MCP-1 mRNA OFH 2 L7z,

4. FRETEEAT

HEEMTEICIT paired t-test 2 vy, p<0.05 »HE &
L7z,

& R I

1) LysoPC iz & 3 MCP-1 mRNA O3
LysoPC O%ENNZ £ D MCP-1 mRNA OFIHOEE

MCP -1/
B -actin ratio

Oh Th 3h 6h 12h

MCP -1

B -actin

Fig. 6.
MCP-1 mRNA expression was increased progressively, peaking
at 3 and 6 hr.

Time course study

(p<0.01)BEEZ D2y —JF, PCOWMICE>TH >
Fa—L EZEb 53 MCP-1 mRNA OFEH 085813, 13
EAERBO o7z (Fig. 5),

2) REFIZAL

LysoPC iz X 2 MCP-1 mRNA O &EHZE L D T
\&, LysoPC ¥t | KEE T3 CI R0 5 % 03,
JWER, ORI CHRILDMEMMA Y — 7 Lx D, 12E T
BB Z o iz (Fig 6),

3) LysoPC &Iz & %5 MCP-1 mRNA Z#}

LysoPC % 5 uM, 10uM, #IIL 72 H O T ik MCP-1
mRNA OFIROBERE RO 2D, S0 uMIEMLIzb DT
W SuM, 10uM R THBEOBEIFZREIT L T
(Fig. 7),

L EOFER LD, Z0H%OFEEIZIE LysoPC % 10 uM
BEAL, 3HEHE21C RNA 24 L RT-PCR 2475 72,

4) LysoPC |z & 5 MCP-1 mRNA SO 7

IALEERRRK A DV T

Genistein & staurosporine T % L2 1LEALE L 72 35& T
X, LysoPC B H &1 b~ MCP-1 mRNA O FH D
HERROREE N L b ICEEIZ (p<0.05 versus LysoPC +genis-
tein, p<0.05 versus LysoPC-staurosporine) H{]If] & 217z
(Fig. 8),

5) Vitamin E @ LysoPC 12 £ 2 MCP-1 mRNA F 12
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MCP -1/
B -actin ratio

3.5

0 5 10 50
LysoPC Concentration ( u M)

MCP -1

8 -actin

Dose response study

Fig. 7.
MCP-1 mRNA expression in GEC was increased by 5 and 10 uM
LysoPC, but attenuated by 50 M LysoPC.

X4 2
LysoPC Btz fh X ¢ Vitamin E THALE L7z DT
1X, MCP-1 mRNA OFBIHERHE 12 (p<0.01) 15| <
N7z (Fig. 9),

BT O 2 OEERIFFE R KRS &, IREERE
SREMAEAZEEI S 20 TRV E WD I ERHRES
NTwz'™, [REAHEE & BEE L OBEICOWT,
WL ODLDEFREENRE SN TS, KE5Y 1% apo B
DARBRIEANDUHE & ARREEZFOREIC OV THETL, &
EOEAR %R T HIE K THI Tl apo B DR
HMETholz b L Twb, %7, IETC, PL,
LDL-C, apo B 23&Eifli %7~ 36 Ti¥ apo B DIWE D EE
ThotzZ kb, BIRMEI X2 ) KREHDRKEAD
BfHS apo B OARBRELBEO—RHERD, 5123 HRBk
B OEREICEES T 2 EENRB SN TS, F
7z, Attman 52 [ ZFERERIFIE R BB BIC B W T, I
apo BEH Y REAORE L PEVPBEET 5 2 £ 2HE L

MCP -1/
B -actin ratio

Cont. LysoPC LysoPC LysoPC
+ genistein + staurosporine

MCP -1

B -actin

Fig.8. Inhibition of LysoPC-induced MCP-1
expression induced by LysoPC with genistein and
staurosporine

LysoPC-induced MCP-1 mRNA expression in GEC was

suppressed by both genistein and staurosporine.

p<0.01

MCP -1/
B -actin ratio

3.5 9
3 e
2.5 "
2 -
1.5 =
1 =
0.5 -
0

Cont. LysoPC

B -actin

LysoPC +VitaminE

Fig.9. Effects of Vitamin E on MCP-1 expres-
sion in GEC

MCP-1 mRNA expression in GEC was significantly sup-

pressed by the addition of Vitamin E.



T R 81

TWwa, —H, WHEHETIE, Tojo D LIKE, Mune
52 H 50k Muso 522 X D #EE M R 7 o — Y REERE
WIDL 7 7 2 V=Y AWERTH S Z emdh, HEH
5O I RFEE I B W THIRALIE % £f O EliE MU a7
T®H 5 probucol BNIREAZFA S EZ2MEL T
b, Fl2, L OBYIEBICB T IRERBIEY LRk
RS - ORI SIRE SN T v b, Kodama &9 O IC
k2 &, BRARHREFGED T TV TH 2 BIEIMET v +
(ExXHC) 2B W, WRMECH#ERE L Ebic~vra 77—
¥ HR DOIARME D RERIE AN DR, SRERMEBE L O FELH
BHON, ZOXr7a 7y —YDEHICIIREKETD
MCP-1 OFIFTCHENEG L T b 2 ENmEanic, &
7z, ZO—HEOZALITRIBMEZSES 2Ty, Yk
{LHFITH 2 probucol 2532 Z Lic L il S iz
oo, BILLDL OfFFTH 2 5 LHEEL T 5,

HE'E, FRiclft LDL 2SBIARBE(LEE B D56 & [FRk I %
B L2 T 2 L F 2 o EFEo—o e LT, UTF
D& RIRFHPFEZ 5N D, T2bb, RRIMEDKRET
EIHNCHEAN L 72 LDL A3 RBRAR PN MR 0 /NFL 258 D A
P X AEBRAOBEENTCHEL, AV F VAT
Vw7 ANDFEE, HD0IEAY U F 7 LMD D A
ADBTET 2, FREESNIGREKMEKICBW T, 2Y >
X7 L O OFRBEENMET T2 2L 3%F 2 60, %
ZiAFHE S B I T & 08 T LDL O EE O A EIH]
FERGEE AL D ER(L S 1, B{t LDL SR s b, Z D
{ELDL 3~ 7 1 7 7 — Y OARKENNOFE 25| &L 2
L, ¥~7077 =902 RHERTA b4 >,
# 2 1¥ PDGF, TGF-8, IL-1, TNF-a 23fH X 1, %
BRAH S EES N LD TR EVWLEFZOoNE, DV
707 7 — Y ORAENADLEREIZ 1 MCP-1 DEIL 234
Hxis,

SE O TIE, Bt LDL O FEE 5 THh 2 LysoPC
DIRERAR PN BRI %2 3 L € MCP-1 mRNA F8 % 8458
¥, TbbB, LysoPCHAEREHZES LE 2z o0
T3 L LDL 12 X b RBRIANEHIIE MCP-1 mRNA 73
FHE SN, RIREYBHRZE 2R T 2 ATREEN R S h
720

¥ 7z, 4 E D LysoPCHA X EREN EMKE I B8 23
MCP-1 mRNA R EHEHR S o A7 = A AIZDWT
Z OMIFEMNIC B T 2 FERREE & LT, MlENY 7 FViGE
BHEOREN R 2DOTH S TK, PKCD2DIZDOWTH
L7z, IhE Tt MIENEMEIZ BT, LysoPCH|
Bz L 5 MCP-1 mRNAFEED Y 7 FVAGERE L LT

PKCEEENBIE 9 % & v ) k& 2, LPSHIKI £ 5
MCP-1 mRNA FFE D & 7 F WREREE I TK & PKC O
MIREEE DB G T 5 LWV I |MEY B3N Tw b, SHEO
EEFER L D, MCP-1 F6H4 TK inhibitor T® % genis-
tein & PKC inhibitor @ staurosporine O Jifj /5 THIH] & v
ek, SREENEMILIC B % LysoPC H#IC
£ % MCP-1 mRNAZFHD v 7 F VAREREIC TK &
PKC OSBS54 2 2 L RIB S dz, 2D T &,
Alod M PN EHIBENC B % & 7" F ARERRE & 135 7% B 7]
etk 2~ T 5, Holl, MBI X 2 NEMROEZERN S X
UHEBERI R E DI DOV TIR WL OhIRE I TE D,
Lang 52912 X % & i P Rzl & SBHRIE PN R 35
>y C vascular growth factors (VEGFs) 5
growth factors (PIGFs) O #7¢ &9, fibroblast
growth factor (FGF-2) 123 2 fll fu s 5 5 It 1 & 725 2388
B S5, F 7z Yashima 527 (3 FMH PR RG 1 HEH PR
fied %o K A& N R i & 1k VEGF 12 & 5 MAPK D H:1b
WHEWHIED SN &, Thbb, Hix 5HEO PN
RGN > 7 F MREEARRRG C bEVL3TR D & 1 5 FTRENE
EHEL T05, SEIOBERICONT b RERENEifLO
FREE b FEZ NS,

—7%, HiELFITH % Vitamin E 12 & 2 R ERKREE D
BEHRIZOVTIEWL OPOERET VTHE S LT
%, Trachtman 5% | FGS € 57V T» 32 PANBE 7 v
iz Vitamin E 2#: 5 L, EHMAN MDA BEOET &
EHREREADOED, 4 XV v 7077 v ADWE, KBk
BRI 2 L IR E IR Z OB E 2RO WE L T 2,
Otani 52 |ZMAL A Vv AOBEDHER S Tw b L A
Fr N BEETFNVICRT % Vitamin E OB L & b2, T
Thy-1 BEETFTNWVIZHBWT S Vitamin E 23 X ¥ > F 7 AH
FasasE 2 MR 2 & &£ B |G LIz, %7z, Kuemmerle 510
13 IgA B %€ 7 Vi L C Vitamin E OE R 2 8E L
TWwb, T Vitamin E ZHiL/EH LS b flaN
TOEM, FIC PKCREBZIHET 2 L ilEbantT
W3, LA, LysoPC Jl#C & 5 MCP-1 mRNA FE3HRE
5% Vitamin E 3§ L7288 & LTH, Vitamin E 12 X
% PKC &b &0 1Ml >~ 7 F MR OB EER
WX BAEEDFEZONDID, B IMFAVLETHS
Do

endothelial

placental

&

21t LDL O F B S TH 5 LysoPC 13w & RERIEHN



82

GEC @ LysoPC 12 & % MCP-1 O¥¥,

HFIIZ B 2 MCP-1 mRNA OFIH 2GR L 7o, % Dk

FFE
D b

UC, SRERIRP R MR AIMAS PN R D s & 7z
TK 8 & U PKC OB OGN RB s iz, £z,

Pk % T & % Vitamin E | LysoPC 12 &£ % MCP-1
mRNA FEHL D HE58 % 1 L 72,

ZOREEEZ DICHIZY,

E i

ZHE, IRBIEIGY & LHERILE

SIERERYES 3 WRRE I R0, FIEMBIEIR, KREmAGHN, &
70— 75BN & N BPE SRR S DM E— B2 I R 2 5
HEERLE T, i, BIAWITRC SV 2 iz RaF,
WIBF eI F I B # oo L & 9,

AWHFEDEE 135 40 A HA B gr =44 (1997, #08), HBXIVE
FE R 42> (1997, Australia) IZBWTFHEL 72,

X
1.

. S

[
Moorhead JF, El-Nahas M, Chan MK, Varghese Z. Lipid
nephrotoxicity in chronic progressive glomerular and

tubulo-interstitial disease. Lancet 1982 ; ii : 1309-10.
Keane WF, Kasiske BL, O Donnell MP. Lipids and progres-
sive glomerulosclerosis. A model analogous to atheroscler-
osis. Am J Nephrol 1988 ; 8 : 261-71.

Diamond JR, Karnovsky MJ. Focal and segmental glomer-
ulosclerosis : analogies to atherosclerosis. Kidney Int
1988 ; 33 : 917-24.

Magil AB, Grohlich JJ, Innis SM, Steinbrecher UP. Oxid-
ized low density lipoprotein in experimental focal glomer-
ulosclerosis. Kidney Int 1993 ; 43 : 1243-50.

Kodama N, Otani H, Yamada Y, Mune M, Yukawa S.
Involvement of MCP-1 and M-CSF in glomerular foam cell
formation in ExHC rats. Kidney Int 1999 ; 56 (Suppl 71) :
174-17.

A, IR, WEHIBR—, bERE, PREE, 8K
BWE. WAV AT u— ) VIEZHS 70 72— )L ORI
SR OWET. LB 1993 135 1 419-27,

Boscoboinik D, Szewczyk A, Azzi C. Inhibition of cell
proliferation by a-tocopherol. J Biol Chem 1991 ; 266 :
6188-94,

Trachtman H, Schwob N, Maesaka J, Valderrama E. Diet-
ary vitamin E supplementation ameliorates renal injury in
chronic puromycin aminonucleoside nephropathy. J Am
Soc Nephrol 1995 ; 5 1811-9.

Otani H, Mune M, Yukawa S, Smith D, Meydani M,
Blumberg J. Vitamin E treatment of experimental glomer-
ular disease in rats. Kidney Int 1999 ; 56 (Suppl 71) : S66-
9.

Kuemmerle NB, Krieg RJ, Chan W, Trachman H, Norkus
EP, Chan JC. Influence of alpha-tocopherol over the time
course of experimental IgA nephropathy. Pediatr Nephrol

20.

21,

22,

23,

1999 ; 13(2) : 108-12.

. Yokoyama M, Hirata K, Miyake R, Akita H, Ishikawa Y,

Fukuzaki H. Lysophosphatidylcholine : essential role in the
inhibition of endothelium-dependent vasorelaxation by
oxidized low density lipoprotein. Biochem Biophys Res
Commun 1990 ; 168 (1) : 301-8.

Steinbrecher UP, Parthasarathy S, Leake DS, Witztum JL,
Steinberg D. Modification of low density lipoprotein by
endothelial cells involves lipid peroxidation and degrada-
tion of low density lipoprotein phospholipids. Proc Natl
Acad Sci USA 1984 ; 81 : 3883-7.

. Ballermann BJ : Regulation of bovine glomerular endothe-

lial cell growth in vitro. Am J physiol 1989 ; 256 : C182-9.
Chomczynski P, Sacci N. Single-step method of RNA isola-
tion by acid guanidinium thiocyanate-PhOH-chloroform
extraction. Anal Biochem 1987 ; 162 : 156-9.

Wempe F, Kuhlmann JK, Scheit KH. Characterization of
the Bovine Monocyte Chemoattractant Protein-1 Gene.
Biochem Biophy Res 1994 ; 202(3) : 1272-9.

Nishida E, Hoshi M, Miyata Y, Sakai H, Kadowaki T,
Kasuga M, Saijo S, Ogawara H, Akiyama T. Tyrosine
phosphorylation by the epidermal growth factor receptor
kinase induces functional alterations in microtubule-as-
sociated protein 2. J Biol Chem 1987 ; 262 ; 5592-5602.
Tamaoki T, Nomoto H, Takahashi I, Kato Y, Morimoto M,
Tomita F. Staurosporine, a potent inhibitor of phos-
pholipid/Ca** dependent protein kinase. Biochem Biophys
Res Commun 1986 ; 135 : 397.

Kunisaki M, Umeda F, Yamauchi T, Masakado M, Nawata
H. High Glucose Reduces Specific Binding for D-a-Toco-
pherol in Cultured Aortic Endothelial Cells. Diabetes
1993 ; 42 : 1138-46.

. RBWEA, WGRE, MERE, HPRRE, (LHEE— K

WL, SBBeR, FOIEE B A O RIK
REEHEIC 51F 2 APO LIPOPROTEIN B 56 ER{AIEE 12D
WTORE, HBESEE32(11) @ 1145-52, 1990.

Attman PO, Alaupovic P, Samuelsson O. Lipoprotein
abnormalities as a risk factor for progressive nondiabetic
renal disease. Kidney Int 1999 ; 56 (Suppl 71) : S14-7.
Tojo K, Sakai S, Miyahara T. Possible therapeutic applica-
tion of low density lipoprotein apheresis(LDL-A) in con-
junction with double filtration plasma pheresis(DFPP) in
drug-resistant nephrotic syndrome due to focal glomerular
sclerosis (FGS). Jpn J Nephrol 1988 ; 30 : 1153-60.

Mune M, Kodama N, Yukawa S: Low Density Lipo-
protein-Apheresis Therapy in Patients with Focal Glomer-
ular Sclerosis. JJ Apheresis 1994 ; 13(2) : 59-60.

Muso E, Mune M, Fujii Y, Imai E, Ueda N, Hatta K, Imada
A, Miki S, Kuwahara T, Takamitsu Y, Takemura T, Tsuba-
kihara Y. Lowdensity Lipoprotein Apheresis Treatment (K-
FLAT)Study Group. Kidney Int 1999 ; 56 (Suppl 71) :
s122-5.



24,

25,

26.

i B

Takahara N, Kashiwagi A, Maegawa H, Shigeta Y. Lyso-
phosphatidylcholine Stimulates the Expression and Produc-
tion of MCP-1 by Human Vascular Endothelial Cells.
Metabolism 1996 ; 45(5) : 559-64.

Kakizaki Y, Waga S, Sugimoto K, Tanaka H, Nukii K,
Takeya M, Yoshimura T, Yokoyama M. Production of
monocyte chemoattractant protein-1 by bovine glomerular
endothelial cells. Kidney Int 1995 ; 48 : 1866-74.

Lang I, Hoffmann C, Olip H, Pabst MA, Hahn T, Dohr G,
Desoye G. Differential mitogenic responses of human ma-

crovascular and microvascular endothelial cells to cytokines

B

IS

27.

28,

83

underline their phenotypic heterogeneity. Cell Prolif 2001 ;
34(3) : 143-55.

Yashima R, Abe M, Tanaka K, Ueno H, Shitara K, Takeno-
shita S, Sato Y. Heterogeneity of the signal transduction
pathways for VEGF-induced MAPKSs activation in human
vascular endothelial cells. J Cell Physiol 2001 ; 188(2) :
201-10.

Azzi A, Aratori E, Boscoboinik D, Clement S, Ozer NK,
Ricciarelli R, Spycher S. Molecular basis of a-tocopherol
control of smooth muscle cell proliferation. Bio Factors
1998 ; 7 : 3-14.



