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2t Interlekin-6 (IL-6) 2} 1 $4A= AALAYZRA A Fo3 7%S HFee Aoz d48A glov,
2] HAHAANAM G 75 79 L-EJ vh7h ok B Aol e IL-69F 1 So]44AQl IL-6Re] &
2] BAF TBAA 2=V

%41 16,18 ¢ 20 efole} EAF 1,3,7,149°] 5E W AA Q] TLE AHgste] IL-69F 1 S84 HAS
M zx]35}8 3} in situ hybridization Wo 2 ZH7t F‘J_rials}giu}.

IL-6 =hal A2 ¢Ja] 1692] efjotellA] o]n] W F g om, o A%} Abo] 22| 2] F7HM 2 % Zgste] o
ST of7 WA S TR FxEe| At WgukeAdS Boloh a8y SR AMAl e ZHAIS
MM DHEA] Ashth 245 TEAAME TR EY TG A ] W oA g} 744Jr Zorom, &=

7 S el TEE

TRARAAE Q91 A Bl BT A o], FLoFAU w$ nloke RS
3, oleiat P AAlolZbA A4Eodeh IL6R MRNAS] B8e 141 16209 dofolA] ojn] Fasn), 41
do} ol o] WAL IL-69] A5} Gateheleh A F] AR FRAL N4 IL-6R MRNA U
A% Feo B AT 8 ATl A A 9 oml, 914 Bell A S3 3ol A % 0= gl

£ 978l BH2A IL6) 2 SeAE Fohed TR 271540 W] AL e 1 7
o2 peAnl, 448 FRANE IL-6 WA} 2 S4A7} A BEHE Aoz wol QYT A5E U
Aoz Yzd

FolE 7| ot : ZgakA) interleukin-6, 4~-2-A), ™ ¢ 22 3}38M9, in situ hybridization, 213
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Z32 wby A oA 2.2 (ureteric bud)3} 5 Inerleukin-6 (IL-6)x= IL-6 familyol] &3}= A =7}

RN
[

=714 (metanephric mesenchyme) o] A2 AFs 2} 2l (cytoking) o2 o7 A7|dA] tlekst
43le] Az} TR =2 A7 233 oY gt IL-6+= > A= FRelr g
FHL 2] AR AZHE FHH ez wEEE A low, "Auks, 945 28, A2 F
opiywt vh$ FHele] Zuk(Nigam 5 1996). et 0 B3 5 clera AR 7ol Beise] 9l
ofA|7}A] o|#fqt FEo WAHAS AL o} (Naka 5 2002). IL-62] 2}-8-2- 8-A|ol 2]3te] uj
7Hﬂbﬁ1 244 FFS £4A, F IL-6¢l] Fo|gt
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A= wAl 2702] gpl30z Ajate] A 484
EAE @Aste] Alzvize] AsAdde AAF
o} (Hirano 5 1997). Gp1302 ZT2& %38l #
EE A7lHA wEEE Aoz od#A Qo
(Saito 5 1992). o] 3k B )3k gpl302] = fA
e YRy e AEslIEY el F2 2w
A3k Wl FAHE Ao Hlsed IL-62
23 IL-6 family®] 7]%5o] HgefstA veht= <
¢glo g AZtEIt} (Heinrich 5 1998, Gadiente} Pat-
terson 1999).

% Barasch 5 (1999)%} Plisov 5 (2001)-2 =3
ek 75 E3}le] IL-6 familyel] £3}= leukemia
inhibitory factor (LIF)7} 23S f-x31= 7}21
=23 Qxr} " w B ushgl, =3 IL-6%
7YX o] A4 £ 3 (mesenchymal to eplthellal
conversion)z} g4 3e] 2hA) (tubulogenesis)ol] 3
A& Zelgta stgith o2 Bue IL-68 =3
3= IL-6 family~} —-g‘r.4 b A o o 9 3F
SUE P Aoz fFA Let o1
HEUBFPHPJ f-’—‘?;" A (in vivo)el| A 1L-62}
&7 °ﬂ = A9 o 4 ek
zgerxu ZHo| A IL-69} IL-6R9]
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AlFo|| AL4-3F B2 Sprague-Dawley 317 (A e}k
(F), A7) =, A=A, 94 164, 189 o
2092] "o} 183 EAF 1,3,7,149°] oJd &
= % AA (A% 25009)5 A&kl 2AA %:j:

NME 7k A7) PAalE 3F 3ueE]S AREEIE T
ZAF o FEH A= 7 A7leA A7 3wt
AL ARl

AP EES 16.5% uretane (10mL/kg A F) oz =
7yFAbsle] wpF3 & @S periodate-lysine-2%
paraformaldehyde 74} o = 587+ AlAF (o}

Rl &2 A9 == i (BAe AHE

E3T
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Etel BRIANGOH, TRE Wold F 2L
Ao AColA W B FAE Ak
o 94 169 $EE Fhe yelskel AR
o219 Tl ¥AE Ty 39 AAE Il

At AEEIEE A o] Bt oh HeAA S
AA waxel] Zvjdt o8 S5um T2 AHE A
3te] Alg-3lich

Z}
-

A 713}71 S15ke] 3% H,0; el 3
(0.1M, pH 742 A & donkey
%)l 1A 7t 53t A Esled v Eo]

2t AF8-8F 1213k E= mouse ©HUEE
34 (R & D Systems, MN, USA; 3]411]£-, 1:100)¢]
™ 4°Col|A] a4 Z9F uk-SA)Fc). PBSZ A& st
o 228 A=A FAksta At 2= donkey
anti-mouse 3} (Jackson ImmunoResearch Lab., PA,
USA; 31A0] &, 1: 20008 Aol 247 F<t A
2slgdct. o]e]A] 0.05 M Tris buffer (TB, pH 7.6)=
A=l 3, 3-diaminobenzidine (DAB) £ o2
AAZE A o] T E uls AN o2 a2

Lo &

Jif:
LI
i4

4 F 95de AA bdsmoz Bste] B3
shgieh GAZES Gl g A 84 ()

4 = vl vkt vhE2 &, oFst ke 4+,
7hgt uhs-2 +4+ 2 FHagich(Table 1).

3. Riboprobe2| |=t

229 Wkl AR AR FATL gde IL-
6Re A% Feiskd AT2 Adslr) istel ohe
I} 7ro] o]o]l i3t riboprobeZE A 2}sled insitu hy-
bridization ®ell Arg-3}9ich 23 AL FBolA
Trizol < (Life Technologies, NY, USA)& A}£-3}o]
total RNAS 3&3 t}-& RT-PCRE A3 3} ribo-
probe #|ztef] A}-8-3 cDNA =& A3 o]
o Alg3 primer: &3} 7o}, antisense primer,
GAGGGTGACAAAGTGTACCACA; sense primer,
GTACTGATCCTCGTGGTTGTCA; Gene Bank
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Table 1. Expression of IL-6 protein and IL-6R mRNA in the rat

kidney
Prenatal Postnatal Adult

IL-6  IL-6R IL-6 IL-6R IL-6 IL-6R
DG +~++ + + + no* no*
MG —~&+ - -~ - -~ -
PT - - —/— —/+ —/— —/+
TAL no* no* + + + +
DT ++ ++ ++ +~4++ +~++ +
CD ++/++ ++/+ +H/++ 4+ ++/+  +Hx

CD, (cortical/medullary) collecting duct; DG, developing glomerulus;
DT, dista tubule; MG, mature glomerulus; PT, (S1 & S2/S3 segment)
proximal tubule; TAL, thich ascending limb. *: no structure is present.

Access No., NM_017020; cDNA A d$]=x] 643~
1134). 435 cDNA =& pGEM-T Easy vector
(Promega Co., WI, USA)el| AFIgE 3 A{dE &l
3lde}. AHele &<¢lst & DIG RNA Labeling Kit
(Roche, Mannheim, Germany)S A}-£-3}e4 digoxige-
nin-3%%] riboprobeE | z}sl=, pGEM-T Easy vec-
tore] Aol A uie) Wiskel| 3= T7 RNAHAEA
9} SP6 RNAZA & 42 AF8-3}e] antisense ribo-
probeg} sense probes Zt7+ dHAlsle] o, dot blot
S A]8)ste] A E IL-6R riboprobes]
&led insitu hybridization ¥eol] A}-&-3}9ic}.

2 =
[ =1 —1261

4. In situ hybridization

In situ hybridization & $]sled= 5um wax &
HE& E4<Leo]= (ProbeON Plus; Fisher Scientific,
PA, USA)dl| R&3le] A}g-s}gdct. In situ hybridi-
zation 2] AlYF}A ol A hybridization 3} 71X
£ RNase®] 42 =7] $l3te] g2 7% diet-
hyl pyrocarbonate xj2]& 3t ¥ Alg-38lglar, 24
713 180°Cell 8AI7F 59k AHelste] AMg-slodet. =
A zAAHANA waxE A AT F 0.2 N HCl 4o
of 20¥7t & wh& ole{A] pepsin(2pg/mL, 0.1N
HCl) $-lof] Al2of|r] 2087+ xj2]3lsic}. PBS=
pepsin §--& Aol F 4F MRS 71H &
F8led 221E AlLoA bA3E] w27 3. o
oJx] prehybridization #}3 3} hybridization 3}3 2
53°CellA 77 247k % 154704 Alaslsledeh.
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Prehybirdization §-<2] A2 &3 7t} 50%
formamide, 4 x SSC, 10% dextran sulfate, 1X Den-
hardt’s solution, salmon sperm DNA (1 pg/mL). Hy-
birdization g-o1¢] =412 prehybirdization £-<¥ 2]
A2} Fd3lx samon sperm DNA w41 antisense
digoxigenin-s£%] riboprobe (400 ng/mL)S A}&-3}9]
o}. Hybridizationo] E+ 42 2X SSC, 0.5X SSC,
0.2X SSC &M oz z+zt 15687+ 3HA 53°Col|A]
A A 8}e] o, o]eJx] RNase T1 (Roche, Mannheim,
Germany; 3] Aull &, 1:1,000)& Al-2o]A] 2087 A
23] EAEEA] ok riboprobes Al A o
< TBS(0.1M, pH 7.4)= A3 3 digoxigeninel
g " S Al 5 AL 1
At B AEste] v SeoHgnkEE AAT F
alkaline phosphatase conjugated anti-digoxigenin anti-
serum (Roche, Mannheim, Germany; 3] Axj-&, 1:
400)& AlZellA] 2A17F Ft whEAIFom, o]ofA]
NBT/BCIP &3tl-& Ahg-3te] Aot g
2E2 glycerol gel= F-iste] sl SA
ZF7& $]5}ed= hybridization &9} ¢} antisense pro-
=7ro] A]8)
[CEPAI AR =R,

be 94l senseprobes Yol A FAA S =
ERUPARR R R R

st} In situ hybridization?]
= A = FEsksdt (Table 1).
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1. IL-62] et

1) AF| ZwoMe] Wl
Mg gl IL-6= LA A
dalolon], AR E o) BR=E 2
S s, 19T TReTE 24 Aoy
Aol Zhasloleh. 2Bl AL IL-67F He) B
) ggrord, Al AL Q3] A ol A
urgAe] B IE upRaAe] )25k
SARNNE WS ok Mgl w9

o} (Fig. 1A-C).
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A 2 s o] RE ek TR A T (nephro-
genic zone)ell Al Hol= oy WAchA| Q] AL7A|, &
B2 Y AFAGNN A Wegurge] #
2=, 3% (ureteric bud)z} 2.##ke] 4] (am-
pula)= 72l ga=ge) =3 B AT
AN E IL-6 HejuheA o] A= It Tef}
AAzE AFFA L ZYATeIAE Hule o] T
22 ekt Abo] 24 (interdtitial tissue)2] %7443
AzZz= IL-67} HAF o, EelaiA = Ao F9
o] FA EAME S-Sl A2H A (Fig.
2A, B)

o}

=i =

5 5Ee| FRN TR TREAT
obefel Aol EAfahn, o] FelHe] IL-
6ude Z4Ae) Py Lok =g w3} ¢
=25 ¥4 L6 3RS A At Uk
o} (Fig. 3A-E).
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2. IL-6R9| &

1) MA STMe] e

IL-6R mMRNAS] HH&e #33)7] ¢)sle] in situ
hybridization ¥-& 3§t As} AIA A F 3

I 9 FL o EA T Thito] <F3H IL-6R mRNA
o] WHE o] 4%‘51“4 "°Vﬂ-?)_r°ﬂ/‘1 Sl3} 2 ny
HE M= oFs}A

HkeAdo] Vehx) sk} (Fig. 1D-P).

2) Efo}
IL-6R MRNAX =
AL 72
IL-6R mMRNA+=
o, TR e o) o
wAe] AF7Al, asbae] Y
A zol A WEle] v,
AN wrgAel = gle,
w30 A9 TR 27} Wg-
a7 Eajel vote] A wjnye] 3
Agsision, of mold Holr EF
AA A ZAXN = IL-6R HFA] &
o} (Fig. 2C-E). 4% 522 TRl |
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)
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Hopge FERNBYTA] = Rl e o)
ool FRSATA] B FAssdL, 1 9]
Al ©

1

B ATE 2|2 RE A o2 3179
ZDo A IL-6 S} 7)o A IL-6RS] &
He st ubHE ARg-sle] IR A S
Aol A A FZell A IL-6 % o A=
FgAol gt FJefsh B 78] ZreldE 4 9l
et &+ Dames} Juul (2000)¢] Abghe] o} -2
o| Al IL-6Re] A FAJ 2] AFEA|, A9A S 2 A
A el oFsiAl st A RN = 3
HAEA] ehokotar sfe] 2 Ao Aol UAFY

l

u}k
=

o

L_o:]o

2%e wwl 3% 2716l Fed
) e9bash Z7hA Eell A IL-6 whuz}
IL-6R2] MRNAZ} W+ st} B3] = 7
b 2gsiel WAL 3R} 9
g el A fHEE AT A5
2ol o]27)74A] IL-6 % IL-6Ro] A&H o=
Fdo] fAHE, FHIAMNE7 Ao 22 W3ts)
of ARl R FRwksle] oAl H4P W
F2ES] FF9 A7)el wel 2doe] Wl
ol=| gt 7&4% IL-67} L 4~g-Al IL-6RE v/l =
sl B8 AlFAZE FAER HE WshE T
A% AFAZ e 2794 Fed e
g A4S oA A3

Barasch = (1999)2 7rd Al 22
SFA] IL-6Z IL-6Re] -g-ol3¥ (soluble form, sIL-6R)
3 Zo] Fofaiml FrhiM ze] M Zugat T
BA#e] o] $EHE Ao wol IL-69} 7
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o] oo HEFste] AvHzz fF=d
7o) FFMEANME IL-67F =R ook
o] Barasth 5 (1999)°] M efr] 34
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IL-62] A7) ¢glow ik

AR

o

L4

FEE

T2 F A EA

AL F-=71 o] Fof
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< El%’%vﬂ"é*ﬂiﬂw IL-6&le] AbetA]=
oz Atzdd.

IL-6RZ dubH el g9k 2] A=yt
Hoix AWE £3sp 243l dl-6Roezx &
A ghet. mebA] slL-6R2- IL-6R7} 3= A] ok A
ZoM = gpl30e] Z=ANEH IL-69F &7 gpl30el
Agtsled IL-69] 2135 AIsHA Hofh =3t A
Wl IL-69} ZAgste] IL-67}F Ml Zol| 252 s}
= 9¥g= & Zeoz Y7451 gig
(JonasE 2005). A zute] ®EE 2217} gL-6R

o7 Hoix] Wox o]ft oA7HA| #HEgSA &
of 2y A5 AdElelA A9 =9 sL-6R
w7} Z7)k8he (Suzuki S5 1993, Sadeghi 5 2003),
273 £ AT sIL-6R7E dF dge sids
B(Marz 5 1999)% F33lH FITLFUEA=E
7} 292 B 9 IL-6R7} sIL-6RZA] 2hg-
g 7PsA = qloka Ats o

A L) FEA IL-6= F2AWT AAFH o
g 7150 AUs Aoz dA vk HAFT A
IL-6% of2] dAFAEe] 2Jsle] HJAte|lH =z
(mesangia cell)¢} o] —’-’—%A}]S’%(Fukatwl; 1991,
Ranieri 5 1996)¢) wWasicly W =gl , 9]
A e A IL-6 832 wW3lrt °d—r3°1. IgA ¥
2= =2 A17-A4) 4149 (proliferative glomerulonep-
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hritis), FA| 2841 Ilo] &3 FFLEAN FATEY)
A A IL-69) el F7bEn (Horii ¥
1989, Taniguchi 5 1999, Homis 5 2002, Ruiz-Orte-
ga %5 2002), IL-62] 7|53 T Fe] FFEAFA]
IL-67 Z2ABe) AL SR Baw o
(Kayama 5 1995). =3t ofg] FZEFo|A %9
IL-6 5=/} Z7kste] ol ggAe] AL 55
ol 53 2AAR 142 4+ ok o
sich(Makela 5 2004). & Aol A IL-62} IL-6Ro]
AR 0 7 FIA|To]] WEHEE= Aoz Hol HAF

TN E 29 %ol oW 9T T Ao
= AZEY o} 7kA) BATRAA IL-69] 7]
At A7 A9 d= AAeololM oz ool
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Legendsfor Figures

Expressions of IL-6 protein (A-C), and IL-6R mRNA (D-F) in the adult rat kidney. In renal cortex (A & D), IL-6 & IL-6R are
expressed in both distal tubule (DT) and cortical collecting duct (asterisk), but negative in proximal tubule (PT). A few of cells
(arrowheads in A) in glomerulus (Gl) are IL-6 positive. In the outer medulla (B & E), outer medullary collecting ducts (star)
express both IL-6 and IL-6R. Note that S3 segments (S3) of proximal tubules which are IL-6-negative show moderate to strong
IL-6R-in situ signaling. In the inner medulla (C & F), inner medullary collecting ducts(IMCD) are positive for both IL-6 and IL-
6R staining. Arrows indicate negatively stained Henle loops. Scale bar, 50 pum.

Expressions of IL-6 protein (A, B), and IL-6R mRNA (C-E) in 16- (A, C), 18-day-old (B, D, E) feta rat kidneys. A. IL-6
immunoreactivity appears as early as on fetal 16-day. In nephrogenic zone, several stages of developing glomeruli (arrows)
showing IL-6-immunoreactivities are shown. Note the strongly stained medullary collecting duct (asterisk) derived from ureteric
bud. B. Higher magnification of nephrogenic zone. Ampulla(AP), comma- (arrow) and S-shaped (double arrow) developing
glomeruli, cortical collecting duct (CCD) are densely stained. Mesenchymal cells(open circles) in the interstitial tissue are IL-6-
positive. Note that mesenchymal cells (arrowheads) in the mesenchymal caps surrounding the ampulla become IL-6-negative. C-
E. Note the intense signals in the neuroblast cells of the dorsal root ganglions (arrow in C) and in the renal cotices (arrowhead in
C). IL-6R is detected in collecing duct (CD), thick ascending limb of Henlel loop (TAL), ampulla(AP), developing glomerulus
(Gl). Scaebarsin A & C, 150 um; Scaebarsin B, D & E, 50 um.

Expressions of IL-6 protein and IL-6R mRNA in 3- (A, B, F, G; A & F, cortex; B & G, medulla) and 14-day-old (C-E, H-J, C &
H, cortex; D & |, outer medulla; E & J, inner medulla) pups kidneys. In the newborn pups, note |L-6-staining in the glomeruli of
the capillary loop stage (arrows in A). In contrast, IL-6R-signaling in the developing glomerulus decreases quickly to
undetectable levels after birth (arrows in F). Note the positively stained cortical collecting ducts (CCD), distal tubules(DT), and
medullary collecting ducts(MCD), and the negatively stained proximal tubules (PT). In 14-day-old pups, renal expressions of IL-
6, IL-6R are very similar those in adult kidney. Scale bar, 50 um.
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Abstract
The Expression of Interleukin-6 and Its Receptor
in the Developing Rat Kidney

Choong-Bum Lee, Ha-U Syn, Dae-Haeng Cho, Jae-Youn Choi!, Jung-Ho Cha!

Department of Urology, *Department of Anatomy College of Medicine,
The Catholic University of Korea

Interleukin-6 (I1L-6) and its receptor are presumed to play important roles in the developing nervous system. How-
ever, little is known about their potential role(s) in the developing kidney. To investigate this, we have studied the exp-
ression of 1L-6 and its receptor (IL-6R) in the developing rat kidney.

Kidneys from 16- (F16), 18- and 20-day-old (F20) fetuses, 1- (P1), 3- (P3), 7- (P7) and 14-day-old (P14) pups, and
adult rats were extracted. Renal expressions of IL-6 and its receptors were examined by immunohistochemistry and in
situ hybridization respectively.

11-6 protein aready appeared in F16. The early stage of renal development before birth, I1L-6 showed strong imm-
unoreactivity in the ureteric bud, metanephric mesenchymal cells(MMC) and developing glomerulus. The expression
pattern of 1L-6 in nephrogenic zone are very similar even after birth. In matured nephron after birth, IL-6 immunoreac-
tivities were detected in distal tubules strongly, and collecting ducts moderately and thick ascending limb weekly. IL-
6R hybridization signals have also already appeared in 16-day old fetal kidney. Before birth, IL-6R mMRNAs were
expressed in ureteric bud, MMC and developing glomerulus. In the matured nephron after birth, IL-6R mRNA was
expressed in the thick ascending limb, distal tubules, collecting ducts and S3 segment of proximal tubule.

These results suggest that IL-6 and its receptor may be involved in regulation of nephron formation in nephrogenic
zone of rat, and play arolein distal nephron including collecting duct after birth.
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