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ENETONEEYS - ET-1 deletion from endothelial cells protects the kidhey during the

extension phase of ischemic reperfusion injury

A ‘ 1. INTRODUCTION
ET-1 deletion from endotlgelial cells protects the kidney during the

extension phase of ischemia/reperfusion inju
P P yury predominantly in intensive care units. Renal ischemia/reperfusion injury (IRI) represents the

Acute kidney injury (AKI) is a common clinical problem with a high mortality rate, ‘
|
most frequent cause of AKI and leads to chronic progression in up to 70% of the cases. |
BEMFERET VICBT 2REERT Y FE U - b i S TBRB RO , Reduction of renal perfusion due to an imbalance between rénal vasoconstriction and
l vasodilatation mediators is believed to play a role in IRI and its chronic complications. Together
with the hemodynamics changes, inflammation and tubular epithelial injury are major
components of the pathophysiology of AKI. The role of the endothelial cells from the
microvasculature in AKI is important, particulaﬂy in their ability to regulate inflammatory cell
infiltration and tubular function.

BHERZEREGERE AR ERFHK
Endothelin-1 (ET-1) that is mostly secreted by endothelial cells is a potent

REREART vasoconstrictor. E_T-l infusion in perfused kidney induces reduction of renal blood flow and

(FRHHR : FA f— 2 \, gloinerular filtration rate through its vasoconstriction effect. ET-1 is up-regulated in the renal

i ischemic period. Blocking the endothelin system using selective and non-selective receptor
Nur Arfian ' blockers as well as drugs reducing ET-1 production is efficient in reducing the damage to the

kidney caused by IRI. In the present study, we have addressed the question whether blocking
specifically ET-1 from the vascular endothelial cells (EC) is sufficient to prevent IRI-induced

renal damage. We have focused on the extension phase of kidney IRI, the phase in which the



damage of the vascular endothelial cells may be responsible for inflammation and tubular

epithelial injury.

L2 MATERIAL AND METHODS

2.1.  Animal experiment and kidney IRI model

We used mice with vascular EC-specific ET-1 knock-oﬁt (VEETKO) and their wild type
(WT) littermates as described previously. Four-month old male VEETKO mice and WT
littermates (n=8) were subjected to kidney IRL Briefly, mice were anesthetized usipg
inhalational isoflurane. Abdomen was opened and both renal pedicles were clamped using non-
traumatic microaneurysm clamps for 30 minutes. Sham operated (SO) mice (n=5) underwent
similar procedures except for renal pedicles clamping. We sacrificed the mice on the day
following the operation to examine the extension phase of kidney IRI. Renal tissues were used
for RNA, protein and histology examination.
2.2. Kidney function assessﬂ:ent

Serum creatinine level was measured froxq blood collected from the orbital sinus.
2..3. Histological analysis

Periodic acid Schiff’s reagent (PAS) was done to evaluate tubular injury.
Immunohistochemical (IHC) staining was dox;e for these following antibodies: F 4/80, PCNA
and 8-OHdG/8-Hydroxy-Z"-deoxyguanosine. Frozen sections were used for double
immunofluorescence (IF) staining for alpha-smooth muscle actin /o SMA and ET,R. DHE
staining was done to’examkne ROS production after IRI. Vascular wall thicknesg was measured

based on « SMA staining.

2.4. Real-time PCR and western blot
These following primers were used for real-time PCR quantification: ET-1, ETsR, MCP- *
1, TLR2, TLR4, and ICAM-1. HPRT-1 (was used as reference. Western blot and densitometry

analyses were done for these antibodies: E-Cadherin, eNOS, ET AR, PKC and GAPDH antibody.
2.5. Statistics
Results were expressed as mean + SD. Difference between groups were considered

statistically significant at a P value <0.05.

3. RESULTS X

3.1, -ET-1deletion from EC attenuated renal failure and cortex tubular injury after IRI

IRI induced renal failure vas well as tubular injury as seen in elevation of creatine serum
level and tubular injury score. VEETKQ mice presented a significantly lower serum creatinine
and tubular injury score level than WT mice. In WT mice, the injury spread to the cortex more
extensively compare to VEETKO mice. PCNA immunostaining showed an increased positive
signal in epithelial cells on day 1 after IRI. E-Cadherin expression decreased after IRI, ET-1
deletion from EC increased thg number of PCNA positive epithelial'-cells and inc;'eased E-

Cadherin protein abundance in renal tissue.

3.2, ET-1 and ET4R expression increased after IRI and induced increase of vascular
wall thickness
IRI induced ET-1 expression in whole kidney and cortex: Endothelial cell-derived ET-1

deletion significantly reduced mRNA ET-1 level. Similarly, IRI-induced increase of ETAR



o

mRNA and ETR protein level was stronger in WT than in VEETKO mice. IF confirmed
expression of ETAR in vascular smooth muscle cells of intra-renal artery. Wall thickness

increased in WT only after IRI. Lumen / wall area ratio decreased in both genotypes after IRI but

‘was higher in VEETKO than in WT

3.5. ROS production was reduced by ET-1 deletion from EC
ROS formation measured by DHE was increased after IRL. 8-OHdG, an oxidative DNA

damage marker extensively stained the nuclei of the epithelial cells, but not the interstitial cells.

Quéntiﬁca’tion of DHE intensity revealed a significant reduction of DHE intensity in VEETKO

mice after IRI compared to WT mice.

3.6. ET-1 deletion from EC reduced inflammatory resi)onse after IRI

Real time PCR analysis showed an increase of the renal cortical mRNA levels of
inflammation mediators (MCP-1, ICAM-1, TLR2 and TLR4) after IRI. These levels were lower
in VEETKO mice compared to WT. IRI induced profound infiltration of macrophage. The

number of F4/80 positive cells was lower in VEETKO mice cortex.

4. DISCUSSION

The elevation of kidney ET-1 24 hours after AKI has been already reported. An increase
of ET-1 is therefore proposed to further induce perfusion disturbance in the kidney after IRI.
Consistently, we showed an increase of ET-1 and ET,R expression as well as a decrease .of
lumen/wall area ratio of small reﬁal arterioles after ‘]RI. This was prevented in VEETKO mice
and may participate to a better renal perfu_sion after IRL Moreover, ROS, which partly contribute

to the vasoconstriction induced by ET,R, were reduced in VEETKO after IRI compared to WT

mice. In: the renal cortex of VEETKO mice, eNOS protein abundance was higher than in WT
after IRL. Vasoconstriction after IRT may be arﬁpliﬁed in part by a reduction of NO because of
endothelial cells damage. NO inhibits vasocenstriction and represents a counter-regulator of the
ET-1 system. Reduction of ET-1 and ETaR activation in VEETKO mice thus possibly attenuates
kidney injury through balancing renal vasoconstriction and vasodilatation‘.

) IRI generates excessive amount of ROS, which can ‘be suppressed by the endothelin
blocker bosentan. Ischemia-induced increase in oxidative stress provokes. endothelial
dysfunction, which is mediated by the ET-1 dependent activation of PKC. Our results indicated

that inhibition of ET-1 from EC decreased ROS production. Concomitantly, :we observed a

-higher PKC protein abuﬁdaﬁce after IRI that was significantly reduced by ET-1 deletion from

EC. ET-1 is known to activate PKC. PKC induces superoxide production and endothelium

dysfunction in renovascular hypertension model in rat. PKC may thus mediate ET-1 induced

ROS production in kidney IRI.
Inflammation in IRI invelves signaling events via patterns recognition molecules such as

Toll-like receptors (TLR2, TLR4) and ICAM-1. In this study, ET-1 deletion from EC reduced

inflammation responses in addition to prevent tubular injury. VEETKO mice presented

significantly lower mRNA levels of TLR2, TLR4, ICAM-1 and MCP-1 as well as decreased
macrophage cell number in the renal cortéx. It seems that reduction of the inflammatory response
participated in the preservation of the tubular system in VEETKO mice after IRI.

Taken together, this study showed that suppression of ET-1 from the vascular endothelial

cells improves renal function on the day after IRL.
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ANBEELRIEENFERERECEV T, SESE2ETRBERETHRELER
L. BELEEREEO—HIMBNEHEICERT S, ZOBEOEFERESOETIZIX.
I FHERT & MEEREFOR7 2 2BBELTWD, i, RS, RE. BEX T
VAOFELEELTWALEEbhS,

Endothelin-1(ET-1) ¥, MEWNEMIEIL/WEINIBAHRMEIERTTH Y. 7z,
REE, BLX P ROTTEREALETIZHERTF TH S, BEMEEREFCBN TS
D ET-1 OAWEARE 2 T4l 5 7o 1T, ET-1 knock-out mouse (VEETKO mouse) Z{ERL L
ZAHLRNEITo 1=,

EBROFEEE LTk, wild type mouse (WT mouse) % & LT, VEETKO mouse DIF
CEBIRE —BHNICZ 527 LTHET»BREMEERET V(IR =54 2ERLE,
MBS E & LT, BiE, BRETHRER A BRLEHEEL. £ LT, real-tine PCR,
western blotting, SRR EHESEEHWTEI-L, ET-A Y& 7% —, oSHA. DHE, PKC,
MCP-1, ICAM-1. TRLZ. TRL4, F4/80, PCNA 72 YORIEE, MGFHORERSETM LT,

B L LTk, VEETKOmouse IRI EFAOEHIERE, RATHEEHEFTRIX VT nouse
IRI EFNALY, BEOEEIZL &¥- TV, VEETKO mouse IRI EF/LTIX, BEMIT
ET-1. ET-A U7/ #—DOHEREBET LW, 7, W IRI EFACIIBERNLEOLE
BERRE L RSB - - TV e, VEETKO mouse IRI EF ATkt b OFTRINER
LT, MEFBEREFGHRIZEBNT, ET-A. oSMA OEBEXMB I TEY ., BRALYE
BEREE L NS ORHIL. ThbOFRLOBERTR S, iz, BLRA ML A<
—%—& LT DHE, PKC DRBRAZ KB L7, i3V VEETKO mouse IRI EF/L CEDHKE

EMET LT, MCP-1, ICAM-1, TRL2, TRL4, F4/80 72 K ORIEMEE~v—H—H LT,

VEETKO mouse IRI EF A COFHAREBET LTI LERINE,

PEOERLY. ET-1i%. IRI model @ AKI DERICESHEE LTI I LBERX
e, %2, IRI model X, ET-1 BBNMEDONERSEZEE UENREELBETA T
B, LR PV RARKREHRET A bIAY, ThOOV S X—DRBITE, ~Iu77
—URMAORER VICHLEET 5 REESHRBEICR SR, IRI £F00 AR EITHEF
I ET-1 XEERFSZELTEY ., ET-1 ZRIEH S5V X BET-1 B X AKT @47
PLALICEAS B Z R EhT, )






