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ABSTRACT

Heat shock protein (HSP) 70 functions as a molecular chaperon and reduces stress-induced denaturation and
aggregation of intracellular proteins. Erythropoietin (EPO) plays an important role during acute renal failure
repair process by rapidly correcting anemia and enhancing renal tubular regeneration. The purpose of this study
was to examine the effect of EPO treatment on renal HSP70 expression. Male Sprague-Dawley rats were
injected rHUEPOQ. Kidney were preserved by in vivo perfusion with paraformaldehyde-lysine-periodate (PLP)
and processed for immunohistochemistry and electron microscopy. In control kidney, HSP70 was expressed in
the cortex, outer medulla and inner medulla. Especially, HSP immunoreactiviy was mainly founded in
descending thin limb of outer medulla and inner medullary collecting duct. In EPO treated kidney, HSP70
expression markedly increased in the descending thin limb of outer medulla and newly detected in cortical
collecting duct. Electron microscopy showed the presence of HSP immunoreactivity on the intracelluar
vesicles and Golgi complex of descending thin limb and cortical collecting duct. These findings suggest that
EPO treatment leads to new production of HSP70 in renal tubular cells, and induction of HSP70 by rHuEPO is

causally related to protective function.
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N o E

Heat shock protein (HSP) 70-2 d&ZxiwiAle] &
252, 27)dE A& o) wile] FriEe] A
Zus 238 Uehie Aoz AzbEglen), 22
927 A B olE} ookl stressel] &3 Al®
a9 Zkz A Abelell Al molecular chaperon®] 7]
oz 24 9 ANEL By e Aoz UFA
9)c} (Hendrick et al., 1993). o]t HSP702] A= X
3 7152 A=Y dalel] BE P4 Al ¥
8 9 sae PAgozA olFelAr ez Il
A glr}. B3] HSP70-L stressel] 28 A =AbH AHapo-
ptosis) & w3, o]2igt A& FAAIH-A(acute
renal failure) Z@elA] Z= g} (Mestril et al.,
1994). ¢-A A} =244 E35F HSP70 P& (over expres-
sion) Bl A, ¥z FAARAE fuslded Al
ZAEAE F48) 7F4sked s} (Plumier et al., 1995).
Fesde TN 25T A A6 eney
=7} AHa 33 A9 1,100~ 3,000 mosm/Lof] o}
21 FURA 9 A G2 390 eAEFET
300 mosm/LQl 7o) wls) Y538 ¥rh oleh X F
sr&zle] A4 317 (hypertonic condition)& T4
qe AzEe mAdel 4 WAl xEHel A%
3t 7)ol ob AEALY] el AsHAl H A2
wsl7h #5540 DNAS] &4kl $39 4 9
Th(Kultz et al., 2004). HSPT0-S AAFs)A] utals)o] 2
pade) wHsEds WM S40NES B
33 oz dud Aotk

Erythropoietin (EPO)2 £ 3843741 A} (hematopoietin
growth facton) 2 2] # 9lom, eaA7|7tget WES
@Az QA AHEFe] ghek(Miyake et al.,
1974). 28243} vjo] FRME HZHRE &7
7} s Aoz BuHT e, 53] AlRAHA
A age HEA7EY g98 &a3rt sleni (Ne-
moto et al., 2001), AFE oA He] Fuel|= 7]l
o} (Vaziri et al., 2001). 58-0] HZ AF7AT 25}
w wjokgl AAMEAA EPOS| Fod7} HAEA 2]
g AR 22 X7 HEFAM HMERT &
22 ekl o] (Sadamoto et al., 1998; Bernaudin et al.,

1999; Brines et al., 2000), A B2l 2§ £Ak3) 5
Yol &8 Aol M BE7]|%0] AltEH

b 2 dFel M, o7k B H T A o
© HSP703} EPOSIe] AH#tatA| g ¥3le A7 ¥
Fos Sprague-Dawleysd] #F o] EPOZE F34
HSP70¢] wrawstz #dsiual sigch 53] oW
AP e MEZpFeAe] DHWs FHE T
A AADuAH B3 E ol&sle], A4 Fgell
Al2] HSP70¢] Wiz} EPOFo] o] LawstE
Hagto g, gRAEd 2l 27 HELEA A o
Eo] dFg dolr A gt

Mz Y U
1. Adua

A Z 200~250 g¢] Sprague-DawleyA] 3F A&
AHEe] AAAET} EPO Fojfo2 o] 77} Sule
A ARgslg o). A3 2 rHuEPO (CJ Corporation,
Korea) 3000U& &7A 4 (penile vein)& 531 FAk8}
gor, d2ee 2L J9 AYsE FARI 244]

2 ol S

2. 2w =YY M=

By zA 58S 9 FES 16.5% urethane
(10cc/kg AF) o2 whFste], et Hd54& 5
3}ed 0.1 M phosphate-buffered saline (PBS, pH 7.4)2
WA Yg Hed F o]ojA paraformaldehyde-
lysine-periodate (PLP)& 3~5% #F2A3laL, T8&
e} FRHT EYH =S FHHIE 2mmF
Az A2 &, 6~1242 4°CollA 22 A Yol
oA TR o] Tt A& 50um FA S vibra-
tome AL TEo] EojA WAz stshy & A5}
o] A g AzHv|F oz HASAS

3.

o

x|

HSP70¢]] 13} 3HA|= mouse monoclonal antibody
(SPA-810, Stressengen, Victoria, BC, Canada)Z AH4-
Hiae
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Fig. 1. Light micrographs of a 50-pum thick vibratome section from control (A, C) and EPO treated animals (B, D) illustrating
HSP70 immunoreactivity. A. HSP70 immunoreactivity is observed in cortex, outer medulla and inner medulla. B. HSP70
immunoreacitvity is striking increased in the cortex and outer medulla. C & D. High resolution immunohistochemistry:
HSP70 immunoreactivity is present in the some descenging thin limb of Henle’s loop (C). An arrows in D indicates an in-
creasing HSP70-positive tubule. Magnifications: A, B X 27: B & C, x500.
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4. TOjH M E shety

TAE AAE vibratome 22 50 umFA 2] 22A
Ae Al PRS2 AL o, 246 o} gl
aldehyde7]& A A3}7] $93ted 50 mM NH,ClZ 15%
4 3 gepack 9AS AT} vEH WL B

0)7] )3}t 0.05% saponin, 0.2% gelatin @ 1% bo-
vine serum albumin (BSA)-& PBSel| &£§3F o (buffer
Ayl 2417+ X8k, EGFe| &t 12 A5 1%
BSAe] 1:2,5000.2 $Asted 4°ColA 3% 1w B3t
uF-S-A|Z ). Buffer AZ 2084 3 A2 F, 230 A
2 #HEAolA7l ®A % donkey anti-rabbit 1gG

Fig. 2. Transmission electron micrographs illustrating HSP70 immunoreactivity in control (A, C) and EPO treated animals (B, D).

A, B. Descending thin limbs :

HSP70 immunoreactivity is present some vesicles in the cytoplasm. Note HSP70-positive

vesicles striking increased in the EPO treatd animals (arrows). Bar=3.5 pm. C & D. High resolution immunohistochemistry:
HSP70 immunoreactivity is present in the apical membrane and vesicles (D). Intensity of HSP70 immunoreactivity of EPO

treated animals stronger than that of control. Bar=2 um
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(Jackson ImmunoResearch Laboratory, West Grove,
PA)E 1% BSA®] 1:1000.2 3Asle) ALoA] 24]
7¢ A e)3}ei v} Buffer A2} 0.05 M Tris buffer (pH 7.6)
2 Z4zk 584 3 He]F F 0.1% 3,3’-diaminoben-
zidineZ 5% A3 & H,0,8& #Exx7} 0.01%7}
H=g Arkste] 1087 o wEAlA DAz
0.05 M Tris buffere} PBS=. Z+zt 584 3¥H A& 3
Bepein)y BRE SAE Setel=el epon 8122
23 stglon, AxEng #EAE YsiAs HSPT0
Az GAez2E 1% glutaraldehydes} 1% osmic
acidell 717k 1AIZHA 4°ColN AT ok D)
A& 7A epon 8120 Ewljsle] 2=HPEAE A 25t
lead nitrate= A8 T 2IARH)AJEM-1200
EX, Jeol, Japan) .2 23} c}

Fig. 3. Transmission electron micrographs illustrating HSP70
immunoreactivity of cortical thick ascending limb in
control (A) and EPO treated animals (B). There was no
HSP70 immunoreacitivity in control and EPO treated
anmals of cortical thick ascending limb. Bar=4 jtm.

1. Zetsiojd o

AAFZo| A HSP70-2 2 A (corex), BPZ4>A (outer
medulla) 78]3 <4 (inner medulla)ell L3 3s}H o
o, &5l Ale] o] 714 AslA Jebd (Fig.
1A). &2 A HSP70-2 <42 %33 (inner me-
dullary collecting duct)sl] A 73817 W& Eg]er &
wale] W3 rl=rE (descending thin limb)el = 2
ZAeoint. v eAdas 4R H3 7Rl

Fig. 4. Transmission electron micrographs illustrating HSP70
immunoreactivity of cortical collecting duct in control
(A) and EPO treated animals (B). There was no HSP70
immunoreacitivity in control (A). In contrast, HSP70
immunoreactivity was newly founded in EPO treated
anmals (B). Bar=4 pum.
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Asjo] 447 BHPAe] oloFE & & Ul
o} (Fig. 10). A d¥ IAA 3 (cortical
collecting duct)ol| A} &= gl o} T FAke- nlj5- of
sttt (Fig. 1A). EPO o 2ol A HSP70-> AHulA o

2 Z7bske ope Jehiglor 53 Ao 92
A} wgrddMe 2t FeaAA B3
ok (Fig. 1B). g4l Ae] 27} P W7k
ByalA Zrshedon, YRl F7le Haw
A kgke}(Fig. 1D). o=l Axks alsyr] fls) 4
2oy Az FRE DA

wpgadel Wk F-eld HSPTO Reda g
£ FouniA 29 Ak A Lz
NzAF} FARRA datsglon, a2 od
sl Zsle] ehde (Fig. 24). ¥ EPO %o] 2
HAZA] hzo v)E) HdgAA el A (free sur-
face)®} AFA (supranuclear region)ell A3 (vesicle)o]
A F73 Frisiglen, HEwnAs M E =
Z7)ebelch(Fig 2B). el gl B3 2zl
v)&] AlEe] wrglobabe Mlzalnkel] AX 12
z7} stgent Alx 71A 9 (basal region)ell A= H&
9 ehkeh(Fig. 2C & D). |23 Ao F3r|A
HoA upeA R el 27p7h AR Eo A
o 27l AFE & 4 ek

A3 wpgeAe F22 3R (thick ascending
limb)el Al el Afel H$AT v mEe ool
2)38} 7)A 22 (basal infolding)e] Tz Ad Lol
N B= B3sg ovk, HSPT02] Wejod e $aw)
A okobeh(Fig. 3A & B).

whd S AAgRANME AT HSPT0S] ®
Qaagol BAHA s, vl$ okabA wEHe
 EPORCIZe) A% #7EE FAoz Azl ¥
FEe7e LT 4 s (Fig 4A & B). A7t
YAapr ol Al 27 AR M= FAF A 43k (Fig.
4B).

o H

gz gt A E &AM ogA EPO7}

Azerre BasheAd daMs ofx7A WA
QA skow, ¥$-e] EPOZ} HSPT09] el x|
sk AlE FEepdel dg A7 #AH vt v}
et w2 Aelre A4 #He EPOE F

slod HSP709] L FAE HZ5EdAM FF3tzat
ablet. AAF Tl A HSPT02 &4 A3 uphg
SA 0 WRRFo| F2 udsiglen] FAddx dr
A A kA el ginl 53] &5AedA
E $5pAAgTAA ] BHe] 71 7F3} ] vehge
H, ol 2FE FE] AT 73 2] Aol
A &AMz REE 93 |-des Y4 v}
25| A0 WH-L ofA7iA] A 7|HL WA
AA ko), B oA $3E EPO FoZellA
HSP702- wigsA el W7beR-olA 78 7t
shglom, Aol Bk sl e g
oA Az o] HAF o) FrIUEAL
b7 AHsp) welA QA ek S HSPTOE
A ZAPEALS S8 signal transduction pathway £
Aaah, o 2Eed2z SR INKS p3se] B4
& AsA oz o] Fo]zc}(Gabai et al., 1997;
1998). ©]-2-¢] HSP702 ~E#Hz2R
B 2% tumor necrosis factor-0.#} interleukin-1£)
3A-e 734 A]7) 32 (Jaattela et al., 1992), 3|2 3k
A ZAE AL} proapoptotic gene2] WAL FHAAZ]
o} (Wang et al., 2002). wighd £ Q3o 301
EPO9| 98 HSP70¢] Wazrl= gz 4% F
RARAE WEE chepRt 22 Aol MAPK
g4¢ AFons Aze wad Aoz Aded
kA9 w8t 71A o= EPOr} HSP702 ¢S =
ANTIEAS AAE F7bEe 977 Begse
2 QA= w13z EPOSE 2 £8A7L
Janus tyrosine kinase (JAK) 2 shl2-& #A13} A 7]v}
= w37l 9loh(Dificaylioglu et al., 2001). o] 3l
STATS (signal transducer and activators of trasceip-
tion), bel-2, protein kinase B, MAKP Z2] 3 nuclear
factor-kB %2 ZR7]1H& o] LTt} (Vairano et al,,
2002). 289 HSP702 JAK/STAT pathway2] Aol
ol3) AE#H Aox uk2-dhe] 2H4-3ke} (Madamanchi et
al., 2001). w}e}A EPO<) 2}3F JAK/STAT pathway<]
FAo) 23] HSPT0S] Wale] Flel Aoz A7

DAALEL

Buzzard et al.,
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Aok TR el 9T £4A wRSARY &
o) 743 A5 ol Wake] Bxshs BAo| Wk,
2 478 Fo HSPT0S) WA Z7b7h wpadeA
ezl e oled FAe eIdch e T
el A} EPOel| 9]3fl HSP702] 3le] zA=m 7 X
e MR s AU, 5424 T
A A ek

2 QAFo) e EPOF] Fol TRoIA HSPTO2)
Washe AAEN A Wezgsshgoe Hashy
o, w4Ae] WA REelA BRZ7}e 3
AAFRATNN A2s BEE WYt ol 2
= EPOe) 93t Mxzx s &y} HSP703} LA
WAL Qee ZHaE, w3 FNRAE THY
e A 9 AZEABANNE B394 9
& 7oz Az

F o

]
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g 3ghg 3o, =3 959 stressZHE Al :f) A
o] s} W3E AT dudE dBA ok &
AN E ol 717 St 27| Re| AsAl2 T
Az NzRsaIAs} QE RAes &)l Erythropoietin
(EPO)E Fojsle] Fg|9) HSP709] LaHss A=
2z Al ABstuAt 8}g]c). Sprague-DawleyA] AFE
Abgsle] AR HuAY gz es rHuEPOF
o] Z3 dxZolA HSP709) Hawisg fFsiet o
2FoA HSP70L Fgo vigAst £pAdN w3
Hglon, B3] &2 ZeA FhEAT 1 FHE

Lo AN ) FAad] R ey
EPO R Zo My &4a3 upggale] Wiz 78
My wawsrl #AER dgtert vl A
T M ZoA Re] FAE F7RHE AAFH . 53
HzZore] HFHIE ofje} Mz IAGNES
v 23k Azt ngd s e HdQaalE Jepigd
o}, o]g)gt A FB] ulRSAeA stressd T
gl HSP70¢] 2A7)Ae] EPOs &l wi/|g& nF
w, A stress D AHANANME o q 7H o] 24
Aoz AR,



