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Synergistic Action of Angiotensin II and Transmural Pressure on Expressions of Adhesion Molecules in
Cultured Rat Mesangial Cells
Mitsuru Arai (Department of Nephrology, Saitama Medical School, Moroyama, Iruma-gun, Saitama 350-0495, Japan)

Objective: Mesangial cell dysfunction is produced in response to various stimuli. The role of both physical factors
and humoral mediators in mesangial cell have been investigated, however, there are few studies examining the
synergistic action of these factors. In the present study, to investigate the role adhesion molecules in the regulation
of cellular function, we assessed the effect of pressure and angiotensin II in the production of endotelin-1 (ET-1)
and nitric oxide (NO) from cultured rat mesangial cells (RMC). Furthermore, the effect of antisense of E-selectin
in the production of ET-1 and NOx in cultured RMC were examined. Design and Methods: Rat mesangial cells
were harvested from Sprague Dawly(SD)rats. Rat mesangial cells were plated onto 75-cm® flasks. A pressure
loading apparatus was set up by using compresses He gas. Transmural pressure (0, 50, 100 or 200 mmHg) was
applied for 24 hours with angiotensin II (10°°, 107 and 10 ® M). Every 6 hours, cultured media was collected
for measurements of ET-1 and NOx. The expression of ecNOS-mRNA was measured by using RT-PCR. The
expression of adhesion molecules (integrin « 531, VCAM1, E-selectin) in the cultured RCM were examined by
using immunofluorescens method. The antisense of E-selection was added in the cultured RMC and measured
the expression of ET-1 and NOx. Then angiotensin type I receptor blocker (CS866) was added onto cultured
media. Results: Either transmural pressure or angiotensin II alone did not induce any significant changes in
ET-1 concentration and expression of adhesion molecules. The expression of E-selectin appeared in RCM in
accordance with the levels of transmural pressure and the concentrations of angiotensin II. Combined treatment
with transmural pressure and angiotensin II produced a marked elevation of ET-1 and reduction of expression of
ecNOS-mRNA. Administration of antisense of E-selection in RCM induced the reduction of ET-1 accompanied
with the suppression of the expression of E-selection. However there was no significant change in the expression of
ecNOS-mRNA. Incubation with CS866 in RMC, adhesion molecule of E-selectin disappeared accompanied with the
reduction of ET-1. Conclusions: In conclusion, synergistic action of transmural pressure and renin-angiotensin
system may induce the expression of adhesion molecule E-selection accompanied with the increase of ET-1 and
reduction of NO in the cultured RMC. These findings suggest that RMC can produce E-selection in response to
synergistic action of intraglomerular pressure and angiotensin II and resulted in nephrosclerosis. E-selection plays
an important role in the regulation of the production of ET-1 in cultured media. On the contrary, NO production
was not related to the expression of E-selection.
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DM RN TEAEOHET & WV S T THA LA
L7222, RN OYFRHIE & U TED FE
MFEOREIMMNH 2P, MBS K 2 S mE
DY 7 A KL X (shear stress), fHJE5EST (stretch
pressure), & % WIXEEEET ) (transmural pressure)
ELUTHERT %Y. s 04k oY H I,
Renin-Angiotensin (R-A) &*°H 4 O & /FBEIY)H,
IBICYA M AA VIR E L gdi U TR RE DR 2
1o epmETNTNE.

—Jitilr, TOXDRIMED EFIT KRR L
B LTWBBEIRICIIEA DEERTHRETS T
EMRETNTVSE . EERTOZ IF TROREN
BT, Ny, CRimldMiENICEETS 5.
ZORE & UTHIME & il o0, Ay & fifast &
BOEHEICHEETHT EHHMENTVEN, N5
IHIR N OFEREFIEIAN DRI G, & SITRERIATE LA Z
DHERICED XSG T EMICDNTREEDHD
WY WD 20, BERBZOMIIHSH TIEE.

SR AL T R-ARDTUE E VB ED RN AT
YV LM ED X S BB NIEL TWE 72
BHEMICT HHNT, BIOREAY > P Ll
13 % Angiotensin I & ¥ EDHFIC K % 5K
TFORE, ZN56EEELTXY I LiEc BT
5Ly RtV -1 (LIFET-1 £BE9) BXU b
2 (LUFNO &89 pEAZ T L.

MREFE

EE7O0MI—)V

100-150 g O i Sprague Dawly (SD) < v b 30 Tt
DB, B A Y V7 Ll (Rat mesangium cells,
PUF RMC L &9) 7 Bl UM &S 2 1o 72, 3-5 4k
D RMC 711148 (Fig. 1) TOME T (0, 50, 100, 200
mmHg) ICLL FOEEZIT> 7z, £9 RMC I %8
HKT-OFBID, Angiotensin II (Sigma Co., St. Louis,
USA) DOEER 5 TICREIC K B2 b ZIHEMCT %
HAT, RMC % LT Angiotensin II (107,107, 10°®
M) 2RI L 24 BERIRG# LTz, 6,12, 38X U 24 BEft%
ICHREESM R D RMC TO#ZE 1 endothelium (E)
-selectin, Integrin ¢ 5 31, & 51 vascular cell adhesion
molecule (VCAM) -1 D FE Bl &2 " Pk fe ik ¢
el ExRiTWMH Uiz, [FERCEER BT O
endothelin-1(ET-1) OJEE & NOx OIEEZHIE L 7z.
T HICKEE 12 FEIC B % RMC H10) ecNOS-mRNA
D FE B 7% - 7E & O Reverse Transcription-Polymerase
Chain Reaction (LN RT-PCR &§9) 1% AW CTHIE
L.

X T RMC I % U T Angiotensin II (10°M) %
Angiotensin Type I 3z 75 &+ $1 3, CS-866 ( = 1k
PR A4, Hnl, HA) (10°M), ZRIEFRINL ThHE
= 12K HICBIT 5 TN S AR OR B Z Rk IC

7

Mt Uiz, & 51T CS-866 [AlRFARINIKE DR 12 KFfEic
BUF 25580 FiEH O endothelin-1 (ET-1) & NOx O
JEFEDOHE, ecNOS-mRNA D787 12 E & RT-PCR
HE2 O THIE L.

X 51T RMC I % L C Angiotensin IT1 (10°°) Z#n9"
% & [AFRFIC 0.05 uM D E-selectin IZ %19 % antisense
%2 U7z lipofectin (10 pg/ml) 7 [RIRFIC EFZHRHRIC TN
5 U, 6 RO ERRZIT>7. TOFRMETT
O E-selectin OFEH &, BRI O ET-1 OJREDZE
fLicOEMEt 211> 2.

7% 3% 7] D Angiotensin Type I 2 A&t Hi ¥ 7% 5
UM T E-selectin IC %3 % antisense D5 S5 ICEH L
TlZ, RMCIC ) % E-selectin DFH M d BUF T
H -7z Angll 10°M, 200 mmHg OINESEFIC BN T
f1o7z.

RMC DIRE & IBE

RMC OB K URFEIZBIRO F1EICHE D E 75
729, DURIC RIS 2R3 9. 100-150 g D BENE SD
Z v b (SHR FREE 7 IVHENIZ S, THEEMET,
HA) OB SEE FIC4CRTAT YL AED
Aw T aZHOTREKAZHEEL, 2 RIYEEZ, type
IV collagenase (Sigma Co., St. Louis, USA) T 37°C, 30
DL LT LRl ZEREA L7z, 2OXHICLTHEDS
N7z RMC 27 > DR JEHsk 18 25— 2 (Collagen
Corporation, Palo Alto, USA) Ta—7 A > 7 &Nz 24
KD well tissue culture plate FICHEREL, 5% CO, fiZE
SN, 3TCOSRME T THMRHERE L, 35 MkRDE 2
a7 BRI VW72, RMC OF5# k1%, ITS (5 ml/ml
@ transferrin, 5 mg/ml @ bovine insulin & 5 ng/ml O
selenous acid) (Cosmo Bio, H5, HA), 2 mM/l1 D
L-glutamine (Cosmo Bio, B 5, HZA), 100 U/ml ®
penicillin, 100 mg/ml @ streptomycin, 7% 5 I AEH{b
fetal bovine serum 7 75 /I1 L 20 % 2 JE£ I 3 i L 7z 500
ml O RPMI1640 CKBx AT, KB, HA)
ZAE U7z, SEBRIE T IRFIC 24 /2D 7 L— b % Hanks’
solution TV L 721%, RMC % 1% trypsin-EDTA IZ &
DX 7z, Well plate -\ well 2212 1
X 10%cell L7 ZRRICHEREL, T OHIfIEIT REBREE
CT—EfE %% X5 U, MfuEUI e itk
I Hemacytometer (Kayagaki Co., 55, HA) ZHW»
TRHAIL, 4 1O 7% K.

EHNZDERE

ErsmMBAEROENEIF, UTFORRICRER
LTz, S RFRALDRREF L, TER U Tz hn )t oD e i fs
75-cm® DFE 1B OFGX % Fig. 11T/R”9. TDIENZE
FEH U TIERR U 7= 2B O Rl E% [X 7% Fig. 2 1</R9.
FEHEIEILEDOF vy T THREIEHIREL L,
AN LA A (He gas, KAI=H%, HE, HA) ZHEA
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Fig. 1. Schema of an iron flask for pressure loading
apparatus.
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Fig. 2. Illustration of system of pressure loading apparatus.
The flask was tightly sealed with a rubber cap and
compressed heloin (He) gas. The rubber cap was pierced by
a needle connected to tubing attached to a three-way rotary
valve, a shyngmonometer and a pressure valve.

THTELICKONEE EREE . EHEDOSTZICE
=Roa—21)— L7 (RTN, SO S+, 5,
HA) ZH O {417 72 #8541 (extension tube : 61B, /U
PRt Ha, HA) HOLAH D, —DIEHNEH
EDTDHOIMAER (CEERERRE, 8, HA) IS, —
DUEINV T LA AR AN SIE VT, —DIEHEA
ZHEES> TV, ENEEEICHREEANICEE, N
IR IXHIF 37T CE Lz, TOHBBIENREIINY T
LA A ZEANT BENCHEDZELNENTS T &ldix
WEIHIT, WNEDMER, R, KO TIC BLRED
HDBFEFZRA I - v )V)VOERNCHE U THE & [A]
U—EDIEICHER L 7z

JENZIWIERMC 2L 7cas—F > a—74
V70D 24 D well plate & Wi X T, SizkEhSRE7k
%I, dLBDOF vy TTREHEMA L. NUTLH
ZThifE (0, 50, 100, 200 mmHg) U 3, 6, 12, 24 KFRIH
B L 72, RMC (3 2 OFF|% &5 1 ml OFEMKG
Bl HIc ANT, L OIMTIREBICERE LTS
MIC B Tz, BRI T RRICHIfR Rz L, T 5ICH
& % % trypsin blue exclusion test % F T2
0% LD Z2HT B T LR L.

HIEEIC L B RIEEERAFOREIT
BEEMREICE T 2#E5KR T L L T E-selectin,
Integrina 581, VCAM-1 OBz HOLHIAREGIEIC
X O KiEt U7z, E-selectin ® — X #i{4 & monoclonal
ELAM-1 (Endothelial Leukocyte Adhesion Molecule-1,
Genzyme Co., MA, USA) = H W\ 7z. 1% BSA/PBS T
FEURIE 1 pg/ml (1000 57 & L 20°C T 2 KR s
¥ 7. VCAM-1 1< DU Tl monoclonal anti VCAM-1
(Genzyme Co., MA, USA) 7\, 1% BSA/PBS (Bovine
Serum Albumin/Phosphate Buffer Solution) T #& & J& 1
pg/ml (1000 f%57F) & LU 20°CC 2 R Rn & B 7z.
& 51 Integrina 5 1S9 B Hifk & L T polyclonal
anti Integrin a5 (Santa Cruz Biotec. Inc., CA, USA)
ZEH U, 1% BSA/PBS CTHIEE 1 pg/ml (1000 £
) & LZHIRT 2RERISE 2. 2 Pkl 1%
BSA/PBS T 100 % i fR L 7z Mouse IgG I 33 {57 R
L 7z horse serum Z I L, 3073 /A > F a2 X—F
L7z, PBSICTIREH LIz, 0.3% H,0,/cold methanol
T307MA>YFaX—rL%EPBS TUEHL, %
N Z N PBS T 50 1% R L 7= Avidin-Biotin-HRP C
FU 3040+ > F 2 X— k L 7. Diaminobenzidine
(DAB) solution THta L 72D H, 7.4 % formaldehyde
T 20 77 [EEE L, 4% methyl green TIZAR L 7z, $%
AR F O AR L O RTAM /774 & U C U3 BT S
% 7% computer IC HL O JA F, HRULELY 7  (Mac
SCOPE, Ver. 2.5, Mitani Corp., Fukui, Japan) % FH\C
TEE Uz, SEEEXT U Ll sicesg{bl
JEFITR < G
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FoTWV3EDE 450, TOM~EL 2BXT3 54
ELT, ISl S L IcSHIlD S8z > LT
BRE100 OfifEZE T > R L, ZOW S ESEED A
a7 & UTHERMCHHEZ Uiz,

RMC EEHRDITY R -1 BEDAIE

INFERS SRS TR 2RO TF a2 —7Ic
AN, SMET-80CTHRIELT. TV Rt Vi
& & sandwich-enzyme immunoassay kit (IBL 17121,
Immuno Bio Laboratory) 7% H W\ TH#l&E L 7z. 5 [A
HAWZZE BT Y R U 2 ORIED intra-assay
coefficient of variation (3 74 %, — /5 inter-assay coefficient
of variation (& 124% TH > 7.

RMC LB Nitrite/nitrate FE4 S DHIFE

MERSE RERIE TR LIS 2R TF 2 —TIC
AN, D ET-80CTHRTF L. RMCHh5D—
fglbzEx (NO) R —MBILEZRORIYTH 2
Nitrite/nitrate p£4f & %2 BEE D Griess &Itz W72 H
N EEE I THIE Lz, SRV EIEIC BV T
Nitrite/nitrate @ intra-assay coefficient of variation (&
4.3%, —J7 inter-assay coefficient of variation (% 8.6%
ThHol-.

RMC 55 M RNA DihH

RMC IC 3 ml ® TRIzol (GIBCO BRL, GRAND Island,
NY, USA) Zhnztz. ThZz, FEIFAY—, 77
0Yay 2—2HWTEEt L7z TRizol D 1/5 &
OrvuaaR)VLzmA, KEELE 550 20°C
I HE %, 457 [, 4°C, 3500 rpm T D 77 B L,
Wl U7z, XRiC, BREXL 722 & F &0 phenol/
chloroform/isoamylalchohol (PCL) Z/hnz 3 73, 4°C,
15000 rpm Tiz/L L B2 L7z, £ LT, &
HOAY TN/ —)v=AZ, 10470, 4°C, 12000
rpm TiEODEEL FIEZHET, XISk, 20
# 400 pl @ diethylpyrocarbonate (DEPC) ALEE/K % fiil
Z X HEPEL, ZHUC 1000 pl DTF V7 )V a— )%
iz, Hi<, 3M @ NaOAc 7 40 pl fnx =% ./ —)Lik
1T 1. RiZ, 15000 rpm Cia Dy, Lisk
BT, THIK7B% TR/ —)V7hnZ 15000 rpm T s
DLz, Z01%, RSz Tzl L, DEPC UL
IK7Z2 N Z SRS W Tz,

RT-PCR Elc &L B1RH

WIREMEKR ISZHWT, H5H L RNA Z ik
e U7z cDNA D GRS ZTTY, Znzifile U
T degenerate primer 7 [l /2 R XA T — ¥ K G 7%
GeneAmp PCR system 9600 (Perkin-Elmer, Inc, MA,
USA) ZHWTTT9.

DEPC LB /K1 78/ L 7z RNA @ DNasel 2L # 7

7

79. DNase I 10X Buffer, DNase I amplification Grade
(GIBCO BRL. GRAND Island, NY, USA) Z Il 2 T &&=
T 10 pl 72 37°CT 15 7[R L, X<, £+ EDTA
Lulhnz, ¥ 512 70°C, 1547 L, DNase I D
bz RS %, i Oligo (dT) primer (GIBCO
BRL. GRAND Island, NY, USA) 3 pl, 5Xfirst Buffer
6 ul, DTT 3 pl, dNTP mixture (TAKARA, #57)
6 ul, WG TdH % Super script II (GIBCO BRL.
GRAND Island, NY, USA) 0.7 ul Zhiz, 42°C, 6053 T
iR L, RTKISZ ¥ %. T D cDNA1 ulic DEPC
WL EE K 32.5 pl, DMSO 5 pl, 10xPCR Buffer 5 pl,
dNTP mixture 4 pl, Forward Primer ( I T Fw &
%<9 ) 1 pul, Reverse Primer (LA N Rv & H§9 ) 1 pl,
rTaq polymerase (TAKARA, 50 0.5 pl ZinZ T 4
BTH0ul &L, TNZ9UCT57, EHICHUTCT
30, 58°CT 14>, 72°C2%0% 25 cycle £\ 5 5T
PCRMIGEE 5. 1% 7 Ha—Z 7 V7 Ek L, 100V
T 30 vkEN%, TFF UL av A RTRET 3.

Primer O{ERL

Primer O {E I B L T ecNOS O EF — 7 & (1%
LTV BRBEHIOERES] X D, %% O HEIES
% &5 5l & 3 {f]ic degenerate primer % iR &t L 7z.
ecNOS Primer DFHEIC DWW T, UFIRTED T
H5.

ecNOS primer,

Forward Primer (Fw):
5-GCAGCATCACCTACGATACC-3
Reverse Primer (Rv):
5-CTCAGTGATCTCCACGTTGG-3’ (586bp)

E-selectin @ antisense % 5 U'lC sense D{ERL
E-selectin O BLA1 D HEFEI S K O, 5 ] % target
site & 9" % antisense oligonucleotide D&t #2175 7=
A al D FERICAE ] U 7z E-selectin IC %9 % antisense
7% 5 TNC sense DRSEICOWTIZLTOED TH 5.

E-selectin antisense
Sequense: TTCCCCAGATGCACCTGTTT
MRNA target site 5’-UTR

E-selectin sense
Sequense: AAACAGGTGCAGCTGGGGAA

L E‘I’

T 2E TN T R A2 TR Uz MGt
fbT i S K 3¢ B1E, ET-1, Nitrite/nitrate 0D R§RE
FEEIC K B FEBIDOLEERICEI L Tld, Two-way analysis

of variance (Two-way ANOVA) 7% > T BER LL ik &
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1o 7z1%, Scheffe's F 7 A N Efroiz. El-EER T
¥ Pi&, ET-1, Nitrite/nitrate [C DUV Tld, One-way
analysis of variance (One-way ANOVA) 7 ffl \» 7z 1%
Scheffe’s F 217\, #fiat | p<0.052& > THEAD
D & L7z. RT-PCR THiiE & 17z ecNOS mRNA O
FEFEONEMIX, film 7235 H% scanner (GT-9600,
EPSON, Nagano, Japan) THY D JA, %% band 7 NIH
image (1.62, NIH Division of Computer Research and
Technology, Bethesda, MD, USA) 7% H W\ T & & 1t
L. COMlEMmZANEDY ha—)LTH % GAPDH
(glyceraldehyde 3-phosphate dehydrogenase) @ {E T
FrUTHxMEE LTHERIHL, ZN50MMEZal# L 7.
TN 5 O EEEHE X Mackintosh O #;5tY 7 k Stat
View I Z HHNTH Ao Iz,

R &
(1) B ED &£ U Angiotensin 11 I K B EERAF

HIZR SN > 7. RMCICIEIT % E-selectin DFE
BUIEERMEAFEEICEEM L, 1285 TORBEOE—>

7= (Ang 1110 °M, P=200 mmHg : 6 hr 1.8+0.2,
12 hr 2.74+0.5, 24 hr 2.2+0.3) (Fig. 4). T ® 12 KR
HICHF % E-selectin D FE BT )2 1F 9 Angiotensin 11
755 CINEDFE 2 MG Uz, E-selectin OFEHIZ,
AngiotensinIl O 2 AL A7 M I N2 388 7z (P = 200
mmHg : 10°M 1.3£0.2, 10 "M 2.2+0.3, 10 °M 2.7+
0.5) (Fig.5). & 51iC T ®D E-selectin DFHIX, FH
LD ENE =25 7z (Ang 11107°: 50
mmHg 0.71+0.2, 100 mmHg 1.2+0.3, 200 mmHg 2.7+
0.5) (Fig. 5). L FDO#5HE, RMCIZEBIF % E-selectin
DOFHH Angll 10°M, 200 mmHg OHIEICHE N T
ERIFCH>T2T EMNE TOEMFITB O TLL FDER
1oz,

(2) ¥pEBMIE S K U Angiotensin 11 |[C KB ET-1 OF

E-selectin DFEIFDIREZT{L

RMC T & Angiotensin II ® s hi, I Fic B0
THI NI & IC E-selectin © F BN H 5 1 7z (Fig. 3).
% 72 VCAM-1 7% 5 U'IC Integrina 5 81 DI 5 H a3

200 mmHg

BE
RMC E#H® ET-1 O & Angiotensin 1T 10 °M
IR, A 200 mmHg FIC 38U CRERIMGAEE I B4
287 (3hr 24+12, 6 hr 40+14, 12 hr 68+18, 24 hr

50 mmHg

100 mmHg

0 mmHg

Fig. 3. Expressions of E-selectin in cultured rat mesangial cells. E-selectin was expressed in cultured rat mesangial cells
accordance with the levels of transmural pressure and the concentrations of angiotensin II.
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108+24 pg/ml/10%cells) (Fig.6). 7z, T ET D%
Bl Ang T OIEFRMEE () &L L T Ang I110° D
ISR () ClEAERAENZi88 7 (12hr: Ang 1T (-)
2546, AnglI (+) 6818 pg/ml/10%cells) (Fig. 7). &
5IC 2D ET ORBUIIEIC WA RN Z D 7z
(Ang II (++), 12 hr : P=0 mmHg 26+10, P =50 mmHg
36+12, P=100 mmHg 44+12, P =200 mmHg 68+18
pg/ml/10%cells) (Fig. 8).

(3) 4 EEMYE & & U Angiotensin II |c K 5 NOx D H
BZL

RMC L7EH D Nox @ 4 & 1d Angiotensin IT D
Bl E =i Uz (P=0 mmHg, 12 hr: Control
162146 vs. Ang 11 10 °M 344+86 Nitrite/Nitrate
pmol/10cells) (Fig. 9). T @ Angiotensin II ¥¢ 51 £

7

95 NOx DAL, IEICENE B ELE O]
872 (Ang I110°°M, 12 hr : P=0mmHg 344+86, P

=50 mmHg 266+66, P=100 mmHg 132+56, P=200

mmHg 74 +26 Nitrite/Nitrate pmol/10°cells) (Fig. 9).

(A)HFEMES KU Angiotensin IIIZ &% ecNOS-mRNA
DHIF

RMC IZ 513 % Angiotensin 11 #7175 5 G hEIC
5 ecNOS-mRNA D FE B Z (b % - /& & RT-PCR i£
EHOTHE Lz, Wang 12K H O # X5
I LIS 31 % ecNOS-mRNA O FEAHICDWT
ME mMICHET L7z, Angiotensin II 10 °M #RAn KD
RMC TRMEIC WA 7% ecNOS-mRNA O FEH D
ik %27 (Ang I110°M, 12 hr:P=0mmHg 1.44+
0.24, P=50 mmHg 1.14+0.20, P=100 mmHg 0.44+0.16,

E-selectin E
(Points/100cells) 5 53 P=200 mmHg
3 £
25_: £ *x
27 ok s
T
1.5 . AngI110%
*k
14 . AngT1 107
0.5 |:| Ang I1 104
8
0 6 12 24

140
ET-1 5
(pg/ml/10%cells) 120 3 Ang 11 10°M
1 P=200 mmHg
] ++
100
] ik
80
— ++
40
204
0]
0 3 6 12 24

Time (Hours)

Fig. 4. Time course changes in expressions of E-selectin
in cultured mesangial cells. Red bars indicate 10® M of
angiotensin II. Green bars indicate 10”7 M of angiotensin II.
And Blue bars indicate 10° M of angiotensin II. Values are
means=SEM.. **P<0.01 vs. Angiotensin II 10°® treated
group. + P<0.05 ++P<0.01 vs. Time 0 in the same group.

4
E-selectin 1 § i
(Points/100cells) 35 ] Time=12 Hour P

. Ang 11108
. Ang I1 107
] Angmios

0 50

200
Pressure (mmHg)

Fig. 5. E-selectin appeared in accordance with the
concentrations of angiotensin II and the levels of transmural
pressure in cultured rat mesangial cells. Red bars indicate 10°®
M of angiotensin II. Green bars indicate 10”7 M of angiotensin
II. And Blue bars indicate 10°® M of angiotensin II. Values
are means+=SEM.. **P<0.01 vs. Angiotensin II 10°® treated
group. ++P<0.01 vs. Pressure 0 in the same group.

Time (Hours)

Fig. 6. Time course changes in the concentration of
Endothelin-1 in cultured rat mesangial cells. Values are
means=SEM.. ++P<0.01 vs. Time 0 in the same group.

ET-1 140
(pg/ml/10°cells)

120 P=200 mmHg

++

100

80

60

40 o

. Control

[ angmio-e

Time (Hours)

Fig. 7. Angiotensin II induced the elevation of the
concentration of Endothelin-1 in cultured rat mesangial cells.
Values are means=SEM.. **P<0.01 vs. Control (Angiotensin
II (-)) group. +-+P<0.01 vs. Time 0 in the same group.
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P=200 mmHg 0.28+0.08) (Fig. 10). ecNOS-mRNA
IR 9 % Angiotensin I1 DL 2720 5 M ic 9 5 HIY
C Angiotensin 11 10 °M O F & IEARII NI BT %
EAB O % 1T 5 72, Angiotensin II D FANIC £
ecNOS-mRNA OFEAIFARICHEML, Z O
JEICPPNE RIS Nz, (P=0mmHg, 12hr:Ang
II (-)0.48+0.14 vs. Ang II (+) 1.50%0.24) (Fig. 11).

90
(pe/ml/10%ells) : E ‘;‘frn 10°M i3

60 ++

50 T

40 3

30 o

20 o

10 -

0 3 T T T
0 50 100 200
Pressure (mmHg)

Fig. 8. Transmural pressure increased the levels of
Endothelin-1 in cultured rat mesangial cells. Values are
means=SEM.. ++P<0.01 vs. Pressure 0 mmHg in the same

group.

Nirite/Nitrate
1/10¢ cells
(pmol cells) 40

. Control

[ Anguioe

Pressure (mmHg)

500

Nirite/Nitrate 450
(pmol/10* cells)
400

350
300
250
200
150

50

0 50 100 200
Pressure (mmHg)
Fig. 9. Transmural pressure decreased nitrire/nitrate
oxidized products of nitric oxide in cultured rat mesangial
cells. Values are means=SEM.. *P<0.05, **P<0.01 vs.
Control (Angiotensin II (<)) group. ++P<0.01 vs. Pressure
0 mmHg in the same group.
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(5) CS-866 OFMICHES ET-1 & 5T ecNOSmRNA
DFEIFZ{L

BE#2551413 Ang 11 10 °M, P=200 mmHg D&M T
7otz ffassH i CS-866 10*M D ERANIIC X O
Angiotensin II s hill f @ E-selectin @ 5 81 13 A & I
mflE Nz, 51T CS-866 D& FEHRMNT 5T &
I & DB BT O ET-1 BE XA ZICIfl S Nz
(Ang I110°M, 12 hr : Control 7210 vs. CS866 28+8
pg/ml/10" cells) (Fig. 12).

(6)_E-selectin |cX}d % antisense DE A EER
E-selectin DFB1H, RMC 5 O I E EE)H)E D
DTS L TWAONEHSMCT S HINTAY >
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Fig. 10. Transmural pressure decreased the expression of
ecNOS-mRNA in cultured rat mesangial cells. Values are
means+=SEM.. +P<0.05, +-+P<0.01 vs. Pressure 0 mmHg
in the same group.
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Fig. 11. CS866 induced decreased the levels of Endothelin-1
in cultured rat mesangial cells. Values are means=SEM.. +P
<0.05, ++P<0.01 vs. Pressure 0 mmHg and Angiotensin II
10°M group. #P<0.05 vs. Pressure 0 mmHg and Angiotensin

II (-) group.
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s H
D7 NN E-selectin O antisense &3 A L 72 ?’ﬁ
angiotensin Il & [EDFEEIC DN T ORMF 21715 Iz,
#FS&MF1Z Ang 11 10°°M, P=200 mmHg D& Tl 7":.
Antisense B ARETIE, 6 KEZICIBWT E-selectin D
RBUIARD NG > Tz, — TR sense 58T
& E-selectin ORHEMNEH SN L5, antisense
D A K D E-selectin D FEIFANH| D HEFE E N7z,
& 5IC antisense DE AT EVY, BEWR T D ET B &
WFAERK N2 7z (Ang 110 °M, P=200 mmHg :
sense 2416 vs. antisense 14+4 pg/ml/10%cells)
mgm)itﬁﬁwﬁot mMBmMM®%ﬁ
¥ antisense DE A T A EGELEZ RS TN o T2
(Fig. 14).

z R

S| D AL DG Tk, RMC T Angiotensin II
DG R TYHENMECFVIREOEEN T T
& % E-selectin DFEHMNEH SNz, T OEFN
F ORI Y, FEMl LS PICEET-17%5
I NOx DRBEMNHA SN TOET-1 DR
MECEVES L, — 75 NOx i i V] &
Niz. TOMEICHES E-selectin DFEB, ET-1 D1
Nl Angiotensin II ZZAAAFEGTRE O G- TH ZITHIH]
N7z, —75 RMC H10 E-selectin I %9 % antisense
DEAIC KD E-selectin DFEBIZHIH| U 72455, ET-1
BEOHRZZRADNED BNTh, ecNOS-mRNA D

BERREAZ LR NG o YLEORN S
RMC T Angiotensin II D17 1E & 16 $ D T H3M g
UTCIEH U E-selectin B EE N3 &, THICZ
D E-selectin D FEHZ (LI FEWV ET-1 O pE G E D
EUTWVWB T ENHLEN o7, —J7 Angiotensin
IT 13 ecNOS-mRNA 7Z2 ¥ Bl & & NO O e A 2 BN &
BF5M, EENO OEEZIIGITAZ LMD, TD
NO OFBIFALICIX E-selectin (X5 L Tz &
MHENEZ STz,

SOOI L DR TIE, REKMAND RMCIZH LT
R-AZRDOTUEEYHNED ERDVERICHE UKL
A LRG| ZFRC LTV B AN R I Nz C
DX 2 EZMHNE L R-AZRD S L THIlZcE T %

EEEYIE ORI BB XIEILTWVWS T
LRINFTICEMENKMIICBNTRESNT
W3 SE 0K ALZ D RMC TOREFERE, chb

BENEMROMEE —HT 25D TH- . E
WIEDED RN MEDZ b T ik
CHISNTED, ZOIME FADOMEREICHNT ST
WEMENDY =7 A s LA (shear stress), H1JEsE )]
(stretch pressure), & % WIEEEEEH /7 (transmural
pressure) & U CIEAT 3™, ¥ = 7 A b L Rl
WMICKBTOIRNERREEINT VS, ThETOW
EHETWE, Y27 AFLRINEMIRO G EHHZEE

7

LUl O Ca BB A EME® 5. DWVWT Ca*'
/calmodulin # & ADHIEN D XA FICHEE LT
W3 ecNOS Zi51 L LT NO DR nE g5 2.

Fie, NEMIRICY 27 ALV AZEHEE% LV x
ET-1 140
(pg/ml/10°cells)
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Fig. 12. Time course changes in concentrations of

Endothelin-1 in CS866 treated and CS866 untreated rat
mesangial cells. Values are means+=SEM.. **P<0.01 vs.
CS866 untreated group. ++P<0.01 vs. Time 0 in the same

group.
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Fig. 13. Expression in concentrations of Endothelin-1 in
antisense and sense treated rat mesangial cells. Values are
means+=SEM.. **P<0.01 vs. sense treated group.
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Fig. 14. Expression of ecNOS-mRNA in antisense and sense
treated rat mesangial cells. Values are means=SEM..
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7 A b LA LRI TE L C ecNOS-mRNA HY N
TEHTEMREENTVE Y. Y27 ARLADET
FERICNMIETHETRBEOAMTHNIEEML,
ERMOMEDAM TP T2 T ENREINT
W37, Fl, ETZHEEDO mRNA EAIEY =77
AFLVAOBEIGCTWHDTEH T ENMEEINT
WY, =Y 7 ARLALRERD, fED 5
ICPE S MEREAOMEERE S & BEEDEIE 1, mERED
RiRZ SO 5 HAIHERT S ENEIN TN 5.
Z51%, b FORENLMAANCEIT S ET OFEED
IEIC K> THEmML, —7 NOx ORI NEIC K->
THHENS T ERRE LTS O, cn b B
fa ¢ D NOx D FEEH & ET ORE LTI ERET D
BRI AR E OHE BT ICB G L T WA A REE R
HTHB. TNETIC, ET-12NO B, RERIAMEL
DRI S LTV T L REHOBY)EBRICE
WTHREENTWAS. 2KI1C B T i+ RIS st L
T—ME{bzEHE (NO) ZIHFET S ic k> T, JEPAE
BBV THREKMARI LA R T B 2 & ", £ 2KIC
B PR I R Tl R-A RO TFTENBIKIC BT 5
NO DRt i7" & 72 5 USKRERIARE(L D M7 7 1] 3
HTEMREESNTVSE P, £-5y McBWLTY,
NO DFEAEIFIARERAH L Z S /259 T EHMEE
NTW3 2% —J5 ET OFEATUEDRER (RS L 72 3t
IHBHTE*P, E5HITNO & ET ORI LIRZE D
HERIC BT IOV TEHBENTNS . NO D
PEAAIHI R OB D FRHE(LHE IS ET-1 OFHMN 5
LTED?, ETA) ZAEEOEHEEDRERIARE LD
BRI 2 EOMEE RE5N5™. N5 ORHRIE,
FERDRFERBUGIC 151 2 RERARE L DHEZIC NO D)
fil& ET-1 OFEAETUENE G L TWVWa T &, ZORKA
ELTIMED ERE R-ARDITHENRL S LTV
5 tERTEDEEDNT.

S E DR TR S N 7z RMC T O E-selectin ®
FHEIZ, RKREHMAMED ESED, RMCIZEBWT
E-selectin ZHOh & LIeEER FOREZE 725 LT
WAHZERERLTWAEDE bz, LKA E,
28170y TEIMENEMES v F OIEEAEE DR
ER{ARIC E-selectin ¥ L, — /5 OPEAEBICIZFIAL
To T e RME LY. T O/MBIE S ITFEDTE
Bifnf & UCEEEET 2D H 2 IFAEBIC B0
TEERTHFEL, —J7MiME R USRERMANTED
K RHDHER S NBPAERICWEREA LN &S, &
EOFKADFERE —HTZEDTH - Iz

IR R A N T T H B selectin D 51
DNTEERODIOMEMNHE 5N 5. Roy-Chaudhury
5%, MEORRHEL & k> TRMEREIC ICAM-1,
VCAM-1, 7% 5 (FIC P-selectin, E-selectin DFHAR 5
NBTERMEL TS ?. Takei 513, IgA BHEEH
DB Wik A 72 FH O T Leselectin A3 O 1A IEIC

ZRFEH L, G OnATED Lselectin & [EEAD
IO T % C L2 RLTWS . Tt
selectin & B gy S8 D BELEIS B D B & MG S
N T3, lida 5 & single-nucleotide polymorphisms
(SNPs) 7%= W T=fi# it 72170, selectin D5 - & IgA
BHEMNMC G L TVWAT EERELTWVWS Y., Z
DAIC & IgA BIE DI EHEHHEK & U T
JEAVHISENTWAH, SillEEEICBWTIENRZIC
E-selectin 81 2, & Sl iz nliATED E-selectin
M EN, SiMEEE TEZNDEINT % 2 EHH
BINTVE P, SEOFE L DFEE T Angiotensin
II & hEDRIEHIC X > T RMC I E-selectin M FEL L,
M FFISHE S SRERIARZ DHERIC A R TS5 L
TWaHReltz R d 580 L Ebni:.

C O FFE T D RMC IC 31 % E-selectin @ 5 B
Z{bix, ET-1 OFEBIX ecNOSmRNA OIHIZEL & —
BUZEETH T, TOMBEELmICBT %A KT
WHELZ OO EmANDESFICBEHS L TWws T b
FHISNTWSHD, NOET ORBICE G LTW\a
MCDWTRAHTH B, FHEFELE, TDORMCIC
BlF % E-selectin OFEBID AL ABEREETICBI S L T
WABNEDNZIH S MY % HWT, RMC IC E-selectin
ICHK9™ % antisense Z& A L, E-selectin DFEH 72 411ii]
L72RIA FIC BT ET OFIH & ecNOS-mRNA D5
IS e 5 2 20 2 G UTc. Z O antisense
DEAIC KD, ETORBITARICHHISNE. D
FEHZ E-selectin A% ET O pEAFHETICE B S L T
5T EEHEMICTHEDOTHD, BERTFHHIT
INFEREFREICRE 5 L C WA e ZREd 28 DT
» o7z, —77 ecNOSMRNA OFHICIT R HEL K
Moz &iX, E-selectin (& NO O e EFREIC XS
LTWaENC EZRL, MEMET L TEZRE S
% T T IARIERR G & 13 BR B ARER %I K > T NO
DFEERT M TON TS A[EENZ RTEDEEZD
nr.

SEOME NS, EEKFTH S E-selectin (34
HI NS REFRETICBE 572 L TV S afREED /R E Nz,
P IR R IR T 2 EHATH O, Milddz
EICHEERBEZRIZLTWEP N, SEEMEAAN
DT F IALERREIC S L TWa T EMilEENT
W3 BT Integrin (&, MIIAA S 7 U ERERE
T3 % ERK (External Related Protein Kinase ¢ JNK
(N-terminal Jun Kinase) / STAT (Signal Transducers
and Activatiors of Transcription) Z &AL L T, HfakE
SR, EHIT R b= ZEOHINEDOREREFEIRIC
HEELHEZHS T3, 2N E TIC E-selectin
& INK 7% E DM RIzZER OB GIE R E TN
TWizhd, Lysiak 5 13K B O R R RFIC JNK O
AR T, Z D85S E-selectin OFEINEL % T
LS LY, 72384 ERK & E-selectin 034§
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LML TN TVB ™. JAK/ STAT #2EKOTE (LAY AT1
944 7% /T LTz Angiotensin II OEfl & U CIEET %
C i, MEFEE ORI, ORRHE s &
THREEINTWVBEY., ChEDHEN S, E-selectin
13 JNK %> ERK 7% & O i fld NI Az ERIC S L,
Angiotensin II X% ET OFBFAEHICEE 5 L T\ 50]
REMEMNE Z BNz, Uh LIS IR FOMAaRER i~
OGS CTHEER N TH D, B E 5ER MM
HEE bz,

£ [A] O 32 Bk ¢ 13 Angiotensin I D JEEAE K & [t
LT, #1E R TRYBMINEICHE L TEHIC
E-selectin OFHNEIICHINT A2 &, €51 ET-1
DFEHFEE L ecNOS-mRNA O FEHIMFIN 4 LU B C
EDNHE N IR o T, DL EDOREERIZ Angiotensin 1T &
VB FE DA FH O EE M 2" 58D L Db
Nz, TOREZHASHNICTSBHMNT, ARBTH 5
CS-866 O E-selectin 7 5 UM NO, ET FEBIAD 2
KO 2T Tz, TORE, MIWIEDEE R
ICBWVT CS-866 D513 A R T DOFE I Z il L,
EHICET-1 O EZ M L7z, —J7 eeNOS-mRNA
OFRBIFARICHEM U, ULEOERIE, chbo
FEFFEIZWI N E Angiotensin 11 Type I ZAE&ZE AT
L7KIETH D, YL & Angiotensin 1T O i1
HAMEETH D, Angiotensin II DIE(EE NI HBWWT
& E-selectin B> ET ORBIMNZHICHIHI SN S C
EHIRENTZ. TD XK S 7% Angiotensin I & YRR T
Dl EHIC X > THIlOBEREREI N2 N THD,
Z D= DI KRR b7n & OB E S HFIEH & L
THEET IO LEbN. T OREIXEKDOBGIC
BOTEIEEEOERETR TIRIMTEZ FF 5500 T
%<, FMIIC R-A RHFEFRZIHITXE L5k
EORFER E—HT B Db,

FLH

D J v hEi#E XY Y7 LI IE T 13 Angiotensin
IOHEEG EMECHNCHREICHEERNFTH S
E-selectin OFHMNE S Nz,

2) TOHEEKNTOFRBIX, Angiotensin I DIEfFE R
TIZFBET, Angiotensin 1T DJEEEICARAE L TH
MU7z. E£7dEEF TIEREET, hEicki
LU CREOENZZRD .

3) ToEAENTORIICEY, HEME EEICE
ET-17 5 NS NOx OFBMNE 5N, 2D ET-1
DOFBUIMEIT NI L, —J7 NOx e f
WIfE N7z,

4) 1% 2% i f 12 3 W T ecNOS-mRNA @ ¥ 8 13,
Angiotensin Il D GITENEIML, —FhNEICA
W R ZER 7.

5) T D JE ¥ X U Angiotensin II @ ¥ i ££ 5
E-selectin @ ¥ B, ET-1 @ 55 /i 1% Angiotensin II

7

DZHEFEDTH CS-866 D51 WA =i i)
TNz
6) ET-1 O¥Hd E-selectin @ antisense 73 A L 7z 5%
EAYG I LR AERICIRIE N —7F
ecNOS-mRNA DFHUCHE R JIE X b Tz,
DU EORERD S XY > La 7z diic RER A
ICB1F % NO Ope LI & ET-1 O AT T#EAR
BRIANIED ER &, R-ARDOTUED I HRIERIC X
DETCTWET &, THICET DA RIS
KD E-selectin B 5 L TWaZ EHNBHENE
oz,

7)

=

zo
A

JENEE Wm0V PINEEEIC K D, T
MREE A Y > VY LI Tld Angiotensin II D% 5 &
M HE OB I B2 K 7 T & % E-selectin DFE
HMWRSNTz. TOEERTFOFRBIC Y, Bl
FEFRICIZET-172 5 I NOX ORBEND A 5 iz,
T OET-1 OFRENIMEICENEINL, —74 NOx &
IEICEN I E N7z, £72 ecNOS-mRNA OFEIH &
MEICLENIRIE NIz, T OIFEICLES E-selectin O
3, ET-1 OH#NE Angiotensin 11 0 52 254 45 i 3
DEREICENVARICHIRIE N, —H Ty FEGE X
YT LA D E-selectin IC#f9 % antisense D
A X D E-selectin DFE 2 {16 U7z 455, ET-1
BEEOHERWDHRD 5Nz, &z antisense 0D
A TIE ecNOS-mRNA D B RHEALIER S ik
Moz,

DULEDFERN S, XY > LA Tl Angiotensin
II DFEAE L ESE DT M U TYEH LU E-selectin 7%
BET BT L, THITFD E-selectin DFEHZ{LIC
EVET-1 OFEAFENELCTWE T ENHENE
7% > 7z. —77 Angiotensin II (% ecNOS-mRNA 7 35
T NO OFEEZIINE B2 D0 NO O Z
fild 5T &, T0ONO OFHLFREICIX E-selectin [&B
HLTWERWTZ ENHEME xS T,

E I

FZMZ2ICHc0, HIRSHKREZHO £ LKk
RN SN ] EAAY SR YU & T NERIE L€ A
W2 U XS, FREREESHE X LERASE
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