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NON-IMMUNOLOGIC FACTOR: IMMUNOSUPPRESSIVE
DRUG-INDUCED NEPHROTOXICITY

Tatsuya NaraTant and Toshihiro Asar
From the Department of Urology, Osaka City University Graduate School of Medicine

Immunosuppressant-induced nephrotoxicity contributes to kidney graft loss in the long-term as
one of the non-immunologic factors. We previously reported that correction of cyclosporine A (CsA)-
induced hypomagnesemia reduced chronic CsA nephrotoxicity. This study was conducted to
elucidate the mechanism of the beneficial effects of magnesium (Mg) on CsA nephrotoxicity and
examine the role of the renin-angiotensin system in this mechanism. We particularly focused on CsA-
induced interstitial mononuclear cell infiltration. CsA (15 mg/kg/day, s.c.) was administered daily to
rats maintained on low sodium diets for 7, 14 and 28 days. The inhibitory effects of Mg
supplementation and those of angiotensin converting enzyme inhibitor (ACEI)} were compared for
renal function, renal histology, mononuclear cell infiltration and gene expression profile.

CsA lowered creatinine clearance and developed characteristic tubulointerstitial fibrosis that were
mostly evident at day 28. CsA-induced impairment of renal function was ameliorated by Mg
supplementation but not by ACEI. Monocyte/macrophage infiltration preceded the renal fibrosis and
increased progressively with the duration of CsA administration. CsA markedly upregulated the
expression of chemoattractant proteins, osteopontin and monocyte chemoattractant protein-I,
concomitantly. These changes were markedly attenuated by Mg but only slightly by ACEL. CsA
also promoted expression of fibrogenic molecules and extracellular matrices that were markedly
attenuated by Mg but only slightly by ACEL. Similarly, CsA-induced tubulointestitial fibrosis was
almost completely abolished by Mg supplementation but only partially attenuated by ACEL. These
results suggested that Mg supplementation abolished CsA-induced precedent inflammatory cell influx
possibly via inhibition of expression of chemoattractants and consequently suppressed tubulointerstitial
fibrosis. In this beneficial mechanism, factors independent of renin-angiotensin system seem to be
mainly involved.

(Acta Urol. Jpn. 48: 699-705, 2002)
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INYZa—) YHERTHEY7URF) YA
(CsA) DEERIEA X, BRBEROIMIERRICRE
REERIET S, BHEEEOYELLLLL
72, LA LA LREBEIIOVWTRIEIRLZE ) 2
KEDREDO VI EVHELMPIR > TEL. REBE
126 o & b EET DO FTHEN TRIGLERET %
B e T HEBRERNETHSD. —F, EREFHE
FLEMHERRCORBEL ERICEAS L, 207018
MBS 1 R TR M BHEEE (chronic allo-
graft nephropathy) & B %y ODODH 5. CsA HEA
BOBEBEEEO—REF L LT CsA ORIfEHTS
ZEEUSEEEEDTVEY. 22T, bhbh

il

3, CsA BEZMOERBIIHICE L TERENT 7
O—F %A, TOBEAN XL EDFEYFHIZ
Rt T A EBERETo7. CsA BERIEEHLD
B HEICAE RN, RiEIE CsA OmMBEIUREIER 2
LD AERFEBEDRT % &/ MHENLENTH
D, BESREEMEORMENLL LTHERLIETHR
BB TH A, TN T CsA BEEERED
B 1213 renin-angiotensin & (RAS) "5 LTHB
D, 7o¥r7 iy o ERBEREEH (ACEID) %7
YFFT T IEREETREIC L) F ORI
ENMBEHEIATVAEYY 4E, bhbiii,
CsA DEMERAD 1 D2TH A Mg MEWCER L,
Mg ®#a12 & 5 CsA BEH IS T 28F %, ACEI
DENE LB L.
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EEBREIW 3 6 HES DM SD rat £ B\, CsA B
EEHERETHIEMNTEFIPY T L& (Na
0.05%) ZCHEL, AV —TMIIBEH L. CsA %
15mg/kg/day Z BEHE FEL/Z. 7y Mid CsA B
M5 (CA), CA K5+8H Mg AR5 &
(CsA+Mg), CsA # 5+ACEI #% 5 # (CsA+
ACEI), vehicle %58 (Vh) O 48250 7. @F
D Mg 130.05%, & Mg & LT0.6% Mg %
5z, ACEI & benazepril 4 mg/kg/day % #&45 L7,
7, 14, 28H BICMUERIE, R, KRB X OB
TV, MRRAELERE, BMRFIRE %56 &
BEFREBRORE 21T 7.

1. ARk aorRE

PAS et il TIRMERE B X R E DO MM
DWTHE L7z, RMAEEEIL, score 0: KME
BEZL, 1: RAERE<I0%, 2:10~25%, 3:
25~50%, 4:50~75%, 5:>75%, HIEOHRMELIT
score 0 : IEFMIE, 1: JRHEIERE DOEEE DOHAEIL,
2 : RAME B OPREREOBME OHIRE M) PEEOR
AL, 3: RIEROEEOMEOWLRZE I EHED
MM L L LT score fL L 72,

2. Northern blot analysis

BRE» S RNA 2HHLY, FAOv2r 7Ly
IZ transfer L72#, LT @ cDNA probe & hybrid-
ize 3¢, EEfLLA.

Monocyte/macrophage (Mg¢) @ # 7% K ¥ mono-
cyte chemoattractant protein-1 (MCP-1) 7% & U2
osteopontin (OPN), ##ELIREEETF TH5 plate-

119 20024

let derived grosth factor B-chain (PDGF-B) BL T
transforming growth factor-g (TGF-f), MmN EE
SR % E{EF T % plasminogen activator
inhibitor 1 (PAI-1) & tissue inhibitor of metallo-
proteinase inhibitor 1 (TIMP-1) WA ZEE D type
I collagen ¥ X UF tipe IV collagen, mEIRHEWE T
%% endothelin-1 (ET-1) I22WT, Z0O@IEZFEHR
EHE L72. T_T® mRNA #Hi3 house keeping
gene T& % GAPDH ORBEIZL hHIEL .
3. Immunohistochemistry

H V2 7 EE L7 BEH#IC T mouse monoclonal
antibody to the rat monocyte/M¢ (ED-1; Serotec,
Oxford, UK.) ¥ & U mouse monoclonal antibody
to the rat OPN (MPIIIB10; developmental studies
hybridoma bank Iowa city, Iowa) % f\*, immuno-
histochemistry % 4T L7z. Monocyte/M¢ ZHEIIE
R K 1.0X1.0mm #2087 0 ED-1 B MR K
%, OPN BFIZEHHE 1.0X1.0 mm EFH208EHT O
OPN BHERMEHE ZhEhr oy ML, EEILL
7z,
4. FEERTF IR

7 —% % mean+SE T/R¥. ANOVA %AV TH#
#L, BEMORE 2T Duncan’s multiple range test
AL, P<O.05 b > THBEEDY ELL.

& e S

1 AE{bZRE (Table 1)

CsA ICX AMLH Mg BEDEITHZETIX, Mg
W/ DHBES N CsA, Mg 2 X hIE IZHE
%2V o255, ACEI TRRETHIZETL, 28

Table 1. Changes in systolic blood pressure, plasma Mg, plasma creatinine and creatinine clearance

Days
Parameters Treatment
7 14 28
Systolic BP (mmHg) CsA 197.7 £4.3 131.2 +2.9 130.8 +3.2
CsA+Mg 1306 +2.5 119.5 +2.8 128.0 £4.9
CsA+ACEI 93.4 5.5 ** 94.9 £6.3 *# 76.4 £9.5 **
Vh 128.5 +3.8 126.5 4.1 129.7 £2.0
Plasma Mg (mEq/l) CsA 1.2 0.1 1.1 £0.1 * 1.0 £0.2
CsA+Mg 1.4 +£0.1 1.4 £0.0 # 1.6 £0.1
CsA+ACEI 1.2 £0.1 1.3 +0.1 14 +0.3
Vh 1.4 £0.0 1.5 £0.0 16 £0.1
Plasma creatinine (mg/dl) CsA 0.39+0.05 0.56+0.09* 0.84+0.1 *
CsA+Mg 0.37£0.04 0.43+0.02 0.49+0.03%
CsA+ACEI 0.50+0.1 * 0.60£0.1 * 0.90+0.2 *
Vh 0.30+0.0 0.30x0.0 0.40+0.0
Creatinine clearance/kidney weight (ml/min/g) CsA 0.55+0.11* 0.27£0.06* 0.20+0.03*
CsA+Mg 0.53+0.08* 0.41£0.01*# 0.52£0.03#%
CsA+ACEI 0.33+0.04* 0.241+0.04* 0.14£0.03*
Vh 0.81+0.05 0.62£0.03 0.671+0.06

Data are shown as the mean+S.E.. * p<0.05 compared to Vh (vehicle) group. # p<0.05 compared to CsA group.



ey, 132 : SEIHIE

HHIZIX 76.41£9.5mmHg T & 5 7:. Creatinine
clearance |3 CsA BB L O° ACEI L DHHIZTH
BIZETLTW/. —%, CsA+Mg # T2 7HEI
AELGETZ2RDZL0D, D% CsA, CsA+
ACEI # XD AREICEAL, 8HBHICIE Vh LA
BEXDOLZVILNVETHEL.

2. MEFmmat (Fig. 1)

CsA B T28HHBIZk MEBM CsA BHEM LFERD,
R 2B RS S (Fig. 1A). 28H HIZH
Mg, ACEI I2& ) [RMEEE, MEOKRMEILEL A
BEICHH S T/ (Fig. ID). Mg fifickhZo
WEIITITELITHE S 7 (Fig. 1B, D) DIx
L, CsA+ACEl TIIJRMIERE, MEOMMEILL b
HH5 DM TH - 72 (Fig. 1C, D).

3. Northern blot analysis

OPN, MCP-1 mRNA (Fig. 2)

OPN mRNA X CsA (2E W B 7HEDSRIH
RBETELTBY (14.615.08), Z0DHETHIC
ERHL7 (76.3£12.1%%, 28 B). Mg #W#ic Xy

TEM 701

ZDERIZIFIFELIIME S /225, ACEI Cii28
HEZESH I %2R0 720 H Tho72. CsA B
T MCP-1 (314H BICEHICHEBAITTELTEY, £
DEFIZWHBC O LN, CORBTHEILS
Mg &5 L W BEEICHIR S 7oA, ACEL TIZH)
HIRIE AR ko,

4. TGF-B, PDGF-B, PAI-1 and TIMP-1 mRNA

(Fig. 3)

CsA BETOEYE TGF-f mRNA #HZ14F B LD
+RL, 8HBICIIH4ETTHINL T/, 288E
I2id, Mg iR & DIZIFELIC, —F ACEI Tid
BAWICOARZOWEMOPEIH S i CAIZES
PDGF-B mRNA HHT# 214, 28 BitA SN,
ZOE{biE Mg 12X W EEICHR Sh7z. ACEL I
Lo TH14E BICIIHIRIZIR 227245, 28 B2
HENEED LN 2o T/ PAL-l BEFHEB
X2 CsAICk 14, 8HBICERLTEY, 28HFIZ
3 Mg ick W FEICHH ShTw/i. ACEI 328
H B OMEIBE 2RO 725, Mg OFR BT 5L

Interstitial fibrosis (score) | Tubular injury (score)
CsA 126 011 % 148+0.20*
CsA+Mg 0.121+0.04 # 0.09+0.03 #
}QA«»ACEI 0.50 +0.17 *# 0.78+0.18 *#
Vh 0.05+0.03 0.01+0.01

D

Effect of Mg supplementation and angiotensin converting enzyme inhibitor on CsA-induced

chronic nephropathy. Photomicrographs show the renal cortex of salt-depleted rats given CsA
(A), a combination of CsA and Mg (B) and a combination of CsA and benazepril (C) at day
28. Tubular injury and intestitial fibrosis at day 28 are scored semiquantitatively (D).
* p<0.05 compared to Vh (vehicle) group. * p<0.05 compared to CsA group.
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Fig. 2. Effects of Mg supplementation and
angiotensin converting enzyme inhibitor
on renal cortical mRNA of chemoattrac-
tants in cyclosporine A-treated rats.
* p<0.05 compared to Vehicle group.
# p<0.05 compared to CsA group.

BETH-7/2. CsA 2L 5 TIMP-1 mRNA O L&
WEBRHEZE LT Mg (CL DERICHH S ATV
7%%, ACEI 3FIZIRER S ooz,

5. Collagen I, IV mRNA (Fig. 3)

CsA 12X 1 collagen I mRNA %#3#i314, 28HH
TEEIZEFL T/, ZOLRIFELII Mg Il&
DIZITEERIZHFI ST/, ACEI $14HHIZIR
Mg & REEDOMB LR LAY, 28H BIZIZMHIZIR 7
oo 7. Collagen IV mRNA IE CsA (2K 9
7, 8HEWERLTEH, Mg dAIZE DHIFI S
7z.

6. ET-1 mRNA (Fig. 3)

CsA IZ X D BEERE TO ET-1 B FRHERIIHRL I
THL, BEEICRFAERLAZRDL. Mg idZo
RELEZZFHICAR L WA, TRIIHLT
ACEI X ET-1 BH 2 L 2o 220 Tidk
¢, 148 BICIEICEEFRBIEEERS L Mg,
ACEI ® ET-1 BT RBRIZ5 R 2 EVTEOSM
CsA BEHIHT AHROMBIIO Lo ER
L7z
7 Immunohistochemistry

ED-1

115 20024

) )
6. TGF-B
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Fig. 3. Effects of Mg supplementation and
angiotensin converting enzyme inhibitor
on renal cortical mRNA of TGF-g,
PDGF-B, PAI-I, TIMP-1, collagen I,
collagen IV and ET-1 in cyclosporine
A-treated rats. * p<0.05 compared to
Vehicle group. # p<0.05 compared to
CsA group.

CsA B Tid ED-1 BHHHROBEE~DRBIZE <
b7THE»SHESN, BEMREEL CsA 51248
W, SHIZHmML7 (Fig. 4A, D). CsA+Mg #T
& monocyte/M¢ REITERHICHFI S hTB ), £
BHMZELT Vh BLFEELRAD LR D572 (Fig.
4B, D). ACEI i3 CsA 2k 2 O EE %148
BETHHRLah o245 28 BICIIEEZIH 252
Wiz, LdL, CsA+Mg BLIET5 L 20050
EEVWEIEETH -7z (Fig. 4C, D).

8. Osteopontin

OPN ¥ U 37 BRI ZFOBIZFRBLFAKTH -
2. CSAICE D 7HEDS, RMEBEEDTHIC
ROOLNLERICREHESLN. 0%, #ETHIC
BL, 28HBICidMMEb%: & - LAMEERONRER
L7-RMEEEMigIcsid 5z, £/, Bowman



e, 13 eEIEE BEk 703

(number /mmZ)
250,
—0-CsA
200 e CATA
——Vehicle
150
100
50
0
7 14 28 days

Fig. 4. Effects of Mg supplementation and angiotensin converting enzyme inhibitor on renal cortical
infiltration of monocyte/M¢. CsA-treated rats showed a marked influx of ED-1 positive cells
at day 28 (A). It was almost completely abolished with Mg supplementation (B) and
partially suppressed with benazepril treatment (C). D. Time course of the number of mono-
cyte/M¢ infiltration among CsA, CsA+Mg, CsA+ACEI and Vehicle group. * p<0.05 com-
pared to Vehicle group. # p<0.05 compared to CsA group.

B BEORESRL N (Fig. 5A, D). Mg f#
BWicky, EREMN%ZELCTIITESIC OPN £33
123 & /zA% (Fig. 5B, D), ACEI CTix28H B I
AW 2 M % RO B DA TH - 72 (Fig. 5C, D).

% =

CsA BHEMICH LT Mg #i#gIIRHELICEE T 5
BA ZEEFRETZHICHIHIL, XM CA B
BEEROERL ITIIESICHH T EFRSN
72. —7, ACEL IZ X 2#Hlzh Rz h b EHoH
THoY, HEzERDLVEDEH 7.

Monocyte/M ¢ &8 ASFRAME M EMAEILIZEITL,
ZOERICESTHILIL, CABER Y280
BAGEBREFVTHESATVS®'Y OPN ik
Mg EERFN 12 LTHLRTHEYY, CA B
FEHICBT 5 REMRREICHOH REEERZLT
VB EEZLRTWEY  F7/:4H, Bl monocyte/
M¢ #EEET Tdh s MCP-1 OREHILHE L b HELEK

DIRBEBAHEL T 5 Z LR SN, OPN, MCP-1
& 2% E L C monocyte/M¢ DREE*FEST 5 2
AR I Nz, Mg 12 X B S AEHIREIRE O #IH i,
COMEERFEMHI Lz LICHERL TS EE R
b, HEERFOEHIC LS monocyte/M¢ iZHE D
SEELZIHNE, Mg fifelC X 2@ boERIE o -
WMIWETEANXLD 1 DTHEEEZ LN,
F 72, ACEI #* CsA 12X % monocyte/M¢ Z# B &
CEERFOREBREZBAIICLPIGI L »r o722 &
XD, ZORAH=ZZXLIFKES RAS FEKEHTH 5
Nl RN - (WA

SEOFEL N ETO®REI TROHNS RAS
FE & M LR ER G TR ORBHIGNIIE 1285
HThHoY, ZBES2ZLVEETOLLY, 20—K
T Mg BIhoDEEFREBALIZIZEZEITHE L7-.
L72%%5 T Mg 2 X 2#BHELIHRIBEFE I RAS FEK
FHLEFORENREIVI EPRBEINS,

CsA FMENHEERICL VERICEMEZES L,
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Fig. 5. Effects of Mg supplementation and angiotensin converting enzyme inhibitor on expression of
OPN in renal cortex. OPN was significantly increased at day 28 in the cortex of CsA-treated
rats (A). It was almost completely abolished with Mg supplementation (B) and partially sup-

pressed with benazepril treatment (C).

D. Time course of the number of OPN positive

tubules among CsA, CsA+Mg, CsA+ACEI and Vehicle group. * p<0.05 compared to
Vehicle group. # p<0.05 compared to CsA group.

FHGEAEFETT2"Y EEZFISOHENLS
t, OPN*'¥,  MCP-1'*'®, TGF-'®, PDGF-
B'”, PAI-1'®, TIMP-1'", % LT collagen I'? &
Vo ZBIEFORB Y LR SEA. Mg it CsA Tk
LABEEEOBT2»E LA LICLY, BlEE
MORES, BEECLLINSOEERTB X UH
HMALEEBRCFRAELIML-EEZ OIS,

Mg HRERMFHE 2 I E LABFO 1 212, mEIN
WERFTHEH ET-1 OFBHARISEZ GND. BIKE
Vv ki, CsA 2% ET-1 BEFOBERH IR
ACEI i2& ) S LICHIEEh, D71 ACEI ik
CsA 2 BABBEBEDVETERE L2 L
bExZHN5b., ACEI 5 CsA 12k 5 ET-1 5B k14
EL-BEIEES »TiER vy, ET-1 b F - EEER
R ERA I s TWwA™, ACEL i}
ZHICIME % T 727280, EiEH CsA 12 & HKEE
FERELYEN S ESIC ET-1 BHEEMEE/A0T
BauwheZEz bl

& B

Mg #i#s 13, CsA BHEMIZH L T renin-angio-
tensin system independent & % z 5 L ¥IHI%IR %
RL7. $i, ACE BERI TIRIBOON L H 572
7, BHA5H monocyte/M¢ DREB X I ZF0¥EE
BT LT EEL IR RERL Tz b
5, X OBROBEARERZTRBOIE % FH I
BIL, &#EIC CsA BHESHOMBF LS 2
TR L2 bND,
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