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IMMUNOHISTOCHEMICAL STUDY ON ENDOTHELIN IN RAT KIDNEY

Sou Omatsu and Tadao TomovosHI
From the Department of Urology, Shiga University of Medical Science

To elucidate the role of endothelin (ET) in the kidney, we immunohistochemically examined the
precise distribution of various forms of ET-peptides in the rat kidney, using speciflc polyclonal
antibodies to each precursor (Big ET-1, Big ET-2 and Big ET-3), and anti-mature ET antibodies.
Immunoreactivity of Big ET-1 was localized mainly in some vascular endothelial cells, glomerular
mesangial cells and epithelial cells of proximal tubules in the renal cortex and inner-medullary
collecting ducts. The distribution of immunoreactivity for mature ETs was similar to those of Big ET-
1. These observations suggest that mature ET-1 after conversion from Big ET-1 is secreted from these
cells. Since similar flndings were obtained using anti-Big ET-2 and anti-Big ET-3 antibodies, these
two isopeptides are also considered to have certain physiological actions in the kidney.
Immunohistochemical studies for ET-A receptor were also performed. The distribution of this

receptor was similar to those of Big ETs and mature ETs. This suggests that secreted ET acts on-
adjacent cells in an autocrine/paracrine manner in the kidney.

(Acta Urol. Jpn. 43: 109-114, 1997)

Key words : Endothelin, Receptor, Rat, Kidney, Immunohistochemistry

%

I F+ >~ (endothelin: ET) N »>oHHK
MR NEFEHIGEER 2 T AMENEHRDOAS
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EUFELRDIEOL v RTFF (ET-1, ET2 &
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V., FNREFNROFEHRTF F (mature endothelin:
mET) &, FhZFhOFIEE~TF F (Big ET-1,
Big ET-2 & Big ET-3) #5Z&HEERIZL Y Cifl
RTF REPWHENTCTEDH S, 72720 mET 2
GoThoaihsnsbnn, Stk Big ET 56
mET NOEBEAB I DI L hhoTnin,

ET 3 441 NREMELA &5 S5 LILERD
BHETF L LTRASAEY  Z0B%OFETHER,
B, B, BN, Wiz b BRI EDOFE
PHRINTE. TS5 ET 773 —DRIETF
BB ABERSN DY, BA OB TLEICAR
ERAETAIEOBELOMISRTEL., EITREA
T, LMENERAGRF L LToAZLT, Mz
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cytokine/growth factor & L TOKEHIER ST
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ET ZHKIIEIETIZARE BRI 2BEIAS
nNT8Y, WIhLEZTHEBETHGY V237 &
HEROSEARTHH. ABZERLR (ET-AR) i3,
ET-1ZET-2>ET-3 W) BEFH 2 b b, 0%
TIEFBEHBISELEBHTAIERS, BLICmEDIN
WICEG L TwaEEZOLNTWA, —4, BEIZA
f& (ET-BR) &, 3EEDA VRTF FITIZITHEL
WHIIMEE b 5 TWAEDS, ET-1 13¢5 B MHEIEH
ZEMAEL HITIFHE LW,

SEIDOHFETIET v NEEE DBV, HERAETHS
% Big ET, BB RTF K (mETs) B XUZAEK
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WEERABBICOEER L.
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RREH L, EMAMICEEEL-OL, FUEROR
FRICUBHREL. SHIKETFVAELLOD
L, WO EER L. 81130.3% HyOq 12 TH
H ¥ peroxidase {EHEEZ REI T TH S 1 RIME LK
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ET-2, #i Big ET-3, #i mETs 8 & U'#it ET-AR #
KE bbby, FREFREINEBERRICSELZDDL,
Vector #t @ Vectastain ¥ » + & & B \» 72 ABC-
peroxidase %2 CHH L, 3, 3-diaminobenzidine (2
TREIE. X5IIATIFI) Y THIERED B
S o7 BB mETs, il ET-AR O WA
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FAFZERT (KIR) Db DEFHEALFEALL. oD
R ra—FVHEIE, Y0 EL SN CRERT
FRE (3FBTT7 I VBEFFELLRR2LH5) %
FHL TS, 2B, FUEERLXRTFFEMZ72H
KBIZTS » VNEBOYF P REL-EZA, 25D
NRTF FOBICE U CTHRBEEIMET L, 10uM OR
MTREIIREIFRBOONLRL o7, Thbb, &
no OfifEx b bW REABILFEEIRINT X M
BELTWABI LA,

& R

Big ET

#i Big ET Hufkicxd L C—E o & PR HRAS A5 1
%2 LTz, SREMKATIE Big ET-1 1258k % 7R
FTAY X7 LMRSRD SN, COREREEIR
HRIRAE P EEETIESDEDE L, BHREOLDD
FHEL T/ (Fig. la). L4 L#i Big ET-2 &
Big ET-3 |24f L CIXE ICE8MHHETH - 7-.
REMEMRAEDIZEA LD LEMIIRBEEE
LTw/: (Fig. la). REAMEMRME (Fig. la),
BMENERELSE (Fig. 1b), MEAFHELE
(Fig. 1c) O EREMRIC b BRI 2B, BMEN
HWEHESEMI A EHAERBEET, BERICERS
RWESEOBIIRKICRYI L T/ (Fig. 1o). £
HHEEE LEMRIRSHRERCEEL T/ (Fig.
Id). TREDOFRIIL, A VYRTF FOEVIZEES
HOERIIFIED SN h o720, Big ET-1 %
Big ET-3 2k L, Big ET2 ALy B EheTw
%A LT,
mETs

I PR MR D —ER AL T, SIREE A F o L4
MR AR R ~ R TG & 2 LTz (Fig. 2a).
—7%, FREBEMRMAE D LRI HEETH - 72
(Fig. 2a). REEEMIRME (Fig. 2a), BAESHEL
4% (Fig. 2b) L AFHHFEEE (Fig. 2d) D LK
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Photomicrographs show coronal sections of
a rat kidney, after immunostaining with
anti-Big ET-1 antibodies. Cells with posi-
tive immunoreactivity are stained dark
brown. a: cortical zone, b: outer zone of
medulla, c: inner zone of medulla, d:
medullary papilla. a—d: X200

MR IESS ~PEEORERICEE LT/, BENE
AR EE O LR MR b ML BATREETH - 22 (Fig.
2). AHECRMERICBIFBHMB/Y — 2 1F, Big
ETs DFELRBETH - 7.
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Fig. 2. Photomicrographs show coronal sections of
a rat kidney, after immunostaining with
anti-mature ET antibodies. Cells with
positive immunoreactivity are stained dark
brown. a: cortical zone, b: outer zone of
medulla, c: inner zone of medulla, d:
medullary papilla. a—d: X200

ET-AR

ET-AR @47 Big ETs D&% mETs DHE
ERAMIZALTH 7. b bEEMEVRAE
OLEMBOIEIZTXTHOREEERL (Fig. 3a), &
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Fig. 3. Photomicrographs show coronal sections of
a rat kidney, after immunostaining with
anti-ET-AR antibodies. Cells with posi-
tive immunoreactivity are stained dark
brown. a: cortical zone, b: outer zone of
medulla, c: inner zone of medulla, d:
medullary papilla. a-d: X200

HEHARMRME (Fig. 32), MENFHELAE (Fig.
3b) BLUIBEHRESE (Fig. 3d) O LBz
FERBHERE RO bz, M BOBENHIRESE
O LEEMAELBEY 2 LT (Fig. 3¢). RIKAET
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Table 1. The distribution of Big ET-1, Big ET-2, Big ET-3, mature ETs
(mETs) and ET-A receptor (ET-AR) in the rat kidney

Big ET-1 Big ET-2 BigET-3 mETs ET-AR
Mesangial Cell t~++ t~+ *~+  +~++ =+
Proximal Tubule in Cortex + + + + +
Distal Tubule in Cortex t~+ t~+ t~+ T~+ t~+
Outer Medullary Collecting Duct + + + + +
Inner Medullary Collecting Duct —~++4+ —~++ —~+4+ -—~++ —~++
Papillary Duct + *~+ t~+ + t~+

(++): strongly positive, (+) : positive, () : slightly positive, (—) : negative

SRR IEDORICEY AR SN2 Th o 7 (Fig.
3a).

UEDHERZT DD L Table l DL HITh 5.
GBEELORRIZLDEEYE (++), FEEBKE
(+), 88FHE (£) BILUBRE (-) 2858

Z =

Iy Fe) >y (ET) oA VRTF N2 L bE85%E
EMIE, £ ET 0ABENEREIOHEEZRML TW5
EEZON, ZOXRTF FORFRERFE LTHER
BERELTWA BHIZET ICELbOTHEELHE
BEbOEBEOVEDTHY, & IZET-1 3AEAE
AOEPCHALETENENRBER AL, BOEK
PLOBERHIZ L D ARBRABREBEICELE B LIZTEER
LRTWAEY XLICRENHRETIE, BHEAICEIT
% ET OFEERFWREIERE SNATEY, ET A
BEAREY) R BBEBOAMIERIIG) 2 LIV ES
LTwaLEIINTNE, T2, BB HER
EHizE L, RAEMBOMERT, 512138
AT WRERTOVEDE LTHO ET AMEBENT
b\éa)

Fy NERIZBITS ET OFFEIZOWTIE ET-1
EOWTELRFENRTW S, "PLET-1 b b7z
in vivo autoradiography Tid, SREK{KD IR MR &
XY YFEYLMBIZEFDOBMY) AAEROTNEY
Big 7> mature B DXBIITE L \WAY ET-1 124%
Rz R) 70—+ ik rdbbwnbl, RE -8
B AEEIICHERIEAA LR, & IS A
HERL, ROTHRIKED X2 £ LM RAE
CHERICZRO L OHBESH 5O %/ RT-
PCR EIZL D, ARIKMELBEANFLRESEIZ ET-1
mRNA OB LR, B TIRB O IRERKL B
HNEHESECTET-1 PEEXNDLEEZ LN L
I oFz, SHIEEMEY L HLWLHMENLS D,
MEFEHMIE'?, 4> ¥y 24008 B X ORM
LRI YA ET-1 3 BAETHLEEZ LR TV S,
Big ET-1 £ mETs 2535 & IZ63K4E, RME LA
f2, MENFHESE LEMBIIOFELTHE LN
SEORBEMGICENFRRE, ThITOREICTFE

BF, SO NFEELSAIEBE LT LIk b,
EMBOA VAT F R, ECIZET2 0B TCHASR
TWBEVIFLVHREMIIMZAZ LB TE.
L LA E DR TIRERIR X 4 F 7 AR m %
THo72b DDORKAEBPEERB TIEoDENALN
72 E7., HENEHESE LEMETIEIEEDO LD
LIEBHED DAL NS., INS5OBEEE LTI
(1) ET Q¥ BE»E<, ET # AT 5T XTDHM
FAFEBICREEINL L EAEL 2N E (2) 27
OV ERBEL T30 TELZL, RIEFDH DB
HY, FOEENEZEIAT7OIIBITSHET RTF K
DEBDEICKBLTWATERBIELZ OIS,

Big ET-1 # mET-1 IZZ# 3 % endothelin con-
verting enzyme (ECE) &, EEAHELE T us7—
YO—BT, BRIZOZDOEENAM SN TL: %Y
Mmei2id mET-1 £ 9 b ZDRi1ERATdH % Big ET-1
PEES CHFEL T 5%, Big ET/mET OZ#s)
RIFBICL TR RZ-TWVBEINATWD, BT
&, Big ET-1 & LTHWENDH mET-1 I2E#H
ENBHDH, mET-1 KERENTHOLHMWENED
PABATH 57275, AEOKERHS»S mET-1 I25# 2
NDLFWEINDEZERHELNER 57, ET-2 &
ET3 20T FEikE#EES NS A, ET-2 & ET-3
12349 % ECE G ERESNTELT, 4%25%
LREPLETH 5.

7y FEBIZBITS ET EFKICEA LTI, ET-
AR & ET-BR DB ADHFET B L STV %, 1B
ET-1 12 & % in vitro autoradiography T3, %k
fF, MENTFH, EMLERICZOBEITETDLNT
VWAEON ZOFETIHARE BRORUNT X %
W, ET-AR 2B L CE83 5 &, RT-PCR % %
5T, ET-AR mRNA 2%k, BEAMERE =
KBRICBOSNTWB %7 in situ RT-PCR
T3, ET-AR EEIENEEEE L OS5 o B4l i
ERABOMEMIICER LTt shTna!®
SHITHEEXY U FY LMIZEVTY, ET-AR
BEVRBZHIIHER SN TWDY SEoEE
ERE(ME T34 ET-BR UKD AFEHIRTEETH » 727
®, ET-BR OS5 FHICH L CIIRETE 25 728,
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AEFFEIZ & ) ET-AR DA AR 912 3640 |23 BF
L7.

M ET-1 @EE 1 pg/ml LML, 2oL
Hnw2k, ET o5& ET SBEODHEIEL { DBe
BEC—HTAHILEERTAHE, ET BBEREVEY
L LTT%ZL, BEikVE Y & LT autocrine 7
i paracrine & W) FRFNTIEH LTV 2 W REHEATE
W SEIOFERTIE, 79 MERIZBWT Big ET ®
mET & ET-AR OB AFFIF—FH L TW5HT & »
b, BEIZBWTHBFTAIE Y & LT autocrine/
paracrine R TIEH L TWb 2 L 2FHTHHMRET
Hol.

ET {3 endothelin degradation enzyme (EDE) i
LYRBEN%. EDE ORBIIERSLM CHEE S
TWC, FDOEBBLIWET-1 02 )75 Rk, B
LOEROIE) FEVY B ET 0&KRS L0
ERDBTHA7ZTT% L, ET ORI LIFEL
bArFELRBBETHIENVZ S, FEL NED ET
DOPEH RIAFIC L AL o7z, RFD ET-1
EBLICRMEICHRLTBY, BRBEE TIIRS
12 ET-1 P EICHRE SN TV 7020, BEEZEDIGE
20D BEOEENS L BALTIRMA ET-1
DEENBOLNEYT Y, ET-1 D2 ) 77 ¥ Rk
THEVWEFOAERREEERBLL TNEDH, /-
ET-1 OB OWE S 500 E 7B H» TR
Vi, SR ET P ST EETRRMBLEDL IR D
o TWELHPEHL TV 2HIZ), ECE ®
EDE %#&%, SO EVPUETHA.
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EMENRAIEOE S, SRIRECIREERIIHFEL,
HERDOWMEIBRINS L L BT, LU
BHSmBHELNE R 57,

2) R UMY ET ORAMAETSH 5 mature ET %
bETHIENS, REECRMERT ET-1 DK
AT, mature peptide (ZER S N TH L F M S
NAZEFHLNER ST

3) ET-2 ® ET-3 $ZIFFE UMl §E 3 h,
BRTIRMOA v _RTF FELFIHSR T D LN
HEA L.

4) ARIZEARLIZEFELMARICEDONLZ EH
5, ET BEWTHHEFTHRNVE Y L LT autocrine/
paracrine £ CIER L T 5 ITREMEAVRIE S 7z,

A7 BB ERREHBERELREG L 5 - BLUH
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