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Ultrastructural Changes and Expression of for evaluation by light microscopy, electron microscopy, im-

Transforming Growth Factor- 81 in Tacrolimus- munohistochemistry and RT-PCR for RNA analysis. Results:
Induced Nephropathy Characteristic histological changes of tacrolimus-induced ne-

phropathy were peritubular capillary and intraglomerular cap-
. itary congestions, vacuolizations . of the tubular epithelium,
Seung Yeup Han, M. D.', Hyun Chul Kim, M.D., Hyo Soon pericapillary focal fibrosis, and tubular atrophy. Tacrolimus-
Jeong’ and Kwan KV“ Park, MD? treated kidneys had a progressive increase in the expression

Dongsan Kidney Institute, Departments of "Itemal Medicine of TGF- 31, especially in the glomerular and interstitial cap-

2 ifary endothelial cells and atrophied tubular epithelial cells.
and “Pathology, Keimyung University School of Medicine, TGF-31 mRNA is expressed persistently in tacrolimus-

Daegu, Korea treated mice for 12 weeks. Conclusion: It can be concluded
) ) , that TGF- 81 may be involved- in the fibrogenesis in the

Purpose: Tacrolimus (FKS06) is a new potent immunosup- tacrolimus-induced nephropathy. (J Korean Soc Transplant

pressive agent which has been used as a primary immu- 2002;16:62-69)

nosuppressive agent and rescue therapy for refractory rejec-

tion in kidney fransplantation. /In vitro, on a molecular basis, Key Words: Tacrolimus nephrotoxicity, TGF- 81, Fibrogenesis

tacrolimus is 10 to 100 times more potent than cyclosporine. =A] chof: Tacrolimus A1SA, TGF-81, M85t

Complications associated with tacrolimus are similar to those
seen in cyclosporine, including nephrotoxicity. An early mark-
efof tacrolimus-induced nephropathy is tubular vacuolization,

whereas long-term administration of tacrolimus is associated M k=)
with striped interstitial fibrosis and arteriolar hyalinosis. How-
ever, morphological changes and pathogenesis of fibrosis in Tacrolimus (FK506)%= 198413 Streptomyces tsukubaensis<)

chronic tacrolimus-induced nephropathy remain poorly under-
stood. Transforming growth factor (TGF)- 81 has been impli-
cated in the fibrosis of a number of chronic diseases of the
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kidney and other organs. This study was designed to clarify Al A 718 A AR ALEo] £ HAAE A3 g
the ultrastructural changes of tacrolimus-induced nephropa- t}. Tacrolimuss A1#; o] Ale] A$ Ax WA A A2 A
thy, and. to evaluate the relationship between tacrolimus- £5)3 9l 2uk opa}l WA AX ulLe] Tz aWo
induced nephropathy and expression of TGF- 31. Methods: 2% 4857 Qeh(l,2) Tacrolimus cyclosporinedt 343

Male ICR mice received tacrolimus daily at a dose of 2.5 - R -
ma/kg by intraperitoneal route for 12 weeks and sacrified 1, TEE 2 Aa Ry 4EAAE FAste o F o
4, 8, 10, and 12 weeks after the initiation of the study, re- A calcineurinel] Z3sto] interleukin2 (L-2) 72|
spectively. The kidneys were removed, the cortex is carefully AAE Wt e 24 1129 BAE A AIge}. Tacrolimus
dissected from the medulla, and the tissues are processed = 33 2= aljck AEEAY TAEY A4 9 THES
IL2 &4 48 59 AgF AgelA w5l
cyclosporine Ht} 10~100v] 7&#He Zleg HuEdch(3)

APAA : A9, vlFFHA] FF FAE 19494 %719 B304 ¥ tacrolimus: cyclosporineol] Bl3l Al
A FAead A at, 700-712 E40] Aty BHaxEgoth(@) T E53} o7k o]4)

Tel: 053-250-7355, Fax: 053-254-8168
E-mail: k780121 @dsme.or.kr e Wdez & A - w7 dFelA tacrolimus® Gt
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ol Aol| 4 AT A| ofzh-go] o]4] Holl bl cyclosporine F
o] Foll A= 96%, tacrolimus Fof FollAE 52% FadE
B8 v} glo}. Tacrolimus 1541 27] Heds] wid
29 AAsD SAE 0 PAS 49 I HA T
A @ Ax W aldsd e o1 Aed e Axg
23 HA STog HIEe on(6) tacrolimuse] THA Al
EAL 749 Afst gy ul¥F Foz HIFHA
) Wl wlFE 2AFEA WA} TAE FA
o olal A=l ol Al AA/AAT} T Ao
2 Azed.

Transforming growth factor (TGF)- 8+ t}7]%5 Aol&7}
dog Azt AdFES) AA4-F3 WA W)
cyclosporine A1 5419] 7 TGF-A1 ¢del F7i7 A4
832 doglE Aoy Hasgirh(9) Jeong 5100 ¥
Zol] tacrolimusE FoJslo] F-o] 717bel| wlal|sle] TGE- 1
whs) wale] S74e Raelgich

7R tacrolimusel] 28l FEE ASAS] 2uA
Hegtziel Byl SEX tacrolimus §H4 AISA oA £
3] BAE e AL 2dEE 71A £ obF W
T so] QA gt AAHEL vlg-2o tacrolimusE Fof
sto] AgHog guidh AWw el 2ol ezl H
shg astel WA werolimus 548 Wt eieH
54¢ FARA ek ol Aol ¥ wawE
ARurgste] g folslA FoEH HAL XN8E
4 o] AAle AEEE TP I 7| = AL A
o2 Aztgic) w3 tacrolimus Fof F R#EHE AMF
3} Wwoll A TGF-81 Wy F4-8 st Jeidhd o
3te} TGF-B1 wd e 4BAAE FHsled tacrolimus 4l
A9 /1A gotlnAt 33t

C B
D HESE

30 g Wl ICR vhg& RS Adste] APTFH o
2702 il Agehelch 250helel HYT ohg2ol
Al tacrolimus (A ALobAIF, e AL7E, AB) 2.5 mgkg, 10
welel AT ohezolAlE 2E el W45 E o)
d B HE Fojslgich Aol U3k AR5
A& dtstr] Y8l Aole ARFA dAct 1F, 45,
8%, 10%, 12%0] YT sehelsh 2 F 2okel 747t
A& 922 EAT F AEsY A A&k A
25 A4 F&Hng A4, HAE G A4, 1Y
2733 94 3 RNA 248 9% 29¢ 77 Aalel
et

2) ZEs0ld gt
AEE AAe 10% F4 EF2UR0] 2t g

F A5 3A4E A gl Eofjsigick Eof 220
B2RE 2um FA9 HHE HES FA4HQ hematoxylin
and eosin (H&E) o M3} Masson’s trichrome ¢ 4-& A]3¥s}
of Fedn|Fog Fedty Wi BRI}

3) HXAHEDIY 2AM

AAREn H2AE P 28 1 mm'Y 2712 AA
stod 2.5% glutaraldehyde £<8(0.1 M phosphate buffered,
pH 7.4 2.8 0~4°CollA] 2417+ AAE &3 01 M Q4
o $h& Alei<SPBS, pH 7.4)2 AHd % 1% osmium
tetraoxideol] 2A| 7} ¥ 1A slal 7L A BNo Z AF
sto] Al @& E &8} ch. Propylene oxideZ X3k
% Luft WD) 38 epon EFEF Enljslo] 37°Cel)
124] 7}, 60°Cell 48417k &1t WhAjsle] AFHAIH . Eoi
# Z2A L 1 ym FAE 4A- 3] toluidine blue G- 3}
of 4 H9E AAsIU T, 2L Sorvall MT 5,000%)
214 7)ol Dupont thojol2 = Zhg F-Asled 440~
60 nm)9] ZHAAE vellE 29AHAE dolA gridel]
B.2bslo] Watson (12) 4 Reynolds (13) s el 23} uranyl
acetate®} lead citrate® o]EF A& AJe§sl T Hitachi H-
7100 FHAAR WA o2 P2t

4) TGF-81 BHUO|| CHE BHATH|Si8 HY

FEZLdog wAsly deidos Fafdt A=
A& 2pum FAZ Al f2l Eetolso AR &
s g 34 g AM F 03% AL £
g vghgoll felol = 087 2 A4 FAAaLs
ol thgt Wh-g-& 2tA 713 0.01 M PBSell A 1027 A)H
sedch 9k dhAlE 1:20028 343 TGF-A1 3HA)
(rabbit anti-porcine TGF- 51 polyclonal antibody, Cell Sci-
ences, U.S.A)YE Ab83le] 37°CollA 1417 Aelslsich
Biotinylated anti-mouse IgG (DAKO LSAB kit, US.A)E A
f3lo] AF2o)A] 2087 HFEA]F]l ¥ strepioavidine per-
oxidase (DAKO LSAB kit, USA)E 3027 A&ol4 Hh-&
Al#el. 2 t}hgoll DAB (3,3’-diaminobenzidine tetrahydro-
chloride) 2 ®HAY3] 3. Mayer’s hematoxylin® & % o 43t
# Jeanges BAHA. U} ATAA 2
o] vtehbH okileg BAsI

5) TGF- 81 mRNAO|| CH8t In situ Hybridization

2% 3-aminopropyl triethoxysilane (APES, Sigma, U.S.A)3}
0.1% diethylpyrocarbonate (DEPC, Sigma, U.S.A)E X &%t
5-g] &elo] ol 4% paraformaldehydecl] 14 sled HtE 3}
2k 23 g 2um FAE Eo]3 60°C 2ol 1A7F v
sto] =2 AHE fglolol RAAF} 23 AHol
22 &glo]t g xyleneo 2 guletaisti Al ogh&E
48 F DEPC Mg S92 FAAY =23 3
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Hell 50 ug/mL 5.2 proteinase K (Boehringer Mannheim,
Germany)E 100 L F3}3 37°Coll A 1587+ Hb-g-A1A A
27 gl ¥ o JRE AA & DEPC M F7
T2 FAsgrt. 04% paraformaldehyde & 4°Col|4] 205
7y T3 A m Aol 02% glycine 4o g Hedt ¥
95% ollgh-Z & AHzte] F7] Foll A=A H et Hybridiza-
tionS 4 A|8}7] Aol prehybridization buffer (50% deionized
formide in 4 Xsodium salt citrate, SCC)E 37°Coll A 147+
9} prehybridizationg A]Zit}. Hybridizationol] A3+ 4
A A& TGF- 1] AR A 2] 297 mer?] PCR AHE-E 4 dig-
oxigening EAste] Aetolch wSEols 2 HE
FE+v 27} 40% formamide (Sigma, U.S.A.), 4 XSCC, 1X
Denhardt’s 89, 0.5 mg/mL salmon sperm DNA (Sigma,
U.S.A), 0.5 mg/mL tRNA, 10 mmol DTITE ZA3s}l3L digo-
xigenin® 2 F A& £ A= 5 ngl pl FEE AFLslgch
2243 9ol 50 4L BHEE&AE FHelo] AR E H
S F 2°CellA sEH T S AR A¥EA g
£ A5 AAsL7] Y3l 50% formamide/2 X SCC £H o &
55°CollA] 308-7F 13], 2xSSC £Ho = 205 02xSSC
fHow AZollA 2087 FAlslAch vl Solubs A
A(0.5% bovine serum albumin)® 37°Coll A 30E-7F *] )3}
% anti-digoxigenin Fab alkaline phosphatase (Boehringer
Mannheim, Germany)& Ap8-s}o] 37°Col| A 3087+ 73t
£ A7 c}. Nitroblue tetazolium (Boehringer Mannheim, Ger-
many)¥} 5-bromo-4-chlroindolyl phosphate (Boehringer Man-
nheim, Germany)& 4°Col|4] 354}t Eql wbAul2 4711
methyl green©. & iz JAect. 4 dz2Te FY3
2% A dste] AAAE AN WEHow
hybridization2]7) A ol¥lell BE HH e AYTH 5
A AAsEc v o2 Jsloe] ol mivkA
oz A wkajo] Vel FA o FA sl

6) TGF-B81 mRNAO| CH&t Reverse Transcriptase
(RT)-PCR

AlAol| A %3 A ko] RNAZHE] cDNAE A slo]
PCR-E& ARA|sl9t}t. cDNA A2 1 xbuffer, 125 mmol
dNTPs, 15 zg/mL oligo d(T)" primer, 4 ugo] Heke] RNA,
8 unit MMLV AAAF 47} 85 b2 olo 2 42°Col| 4]

1A ZF Wb A Z ) M4 Sl cDNAE FH o2 uhdde &
535 25uLE 3k Hhg N 24 9 HEF $EE 1x
buffer, 0.15 mmol dNTPs, Z+Z} 0.05 xmol primer, 1 unit Taq
DNA polymerase7} Hl 5% ZHG2 =2-s9a, g =
7A€ 94°Cof] 30, 54°Cel] 18 30%, 72°Cel] 284 353
BHEa A BE3AI ek WHAHES 2% agarose gelol]A] A
71dEste] A =Hr12 FEH DNAE gelssith
Hk2o)| A&-3) primery Jin E(14)o] AL sense®} anti-
sense oligonucleotide® A}-£38l o o7]Ad gl ul2Ak
=9 #7) Table 13+ 2ok $A4 2T £33 DNA U
Aol ZF4E Agoto] LE B4E AT SYs
4255

= o
D) gEs0|E g

=73 vl A] tacrolimus F-of 15 & ZAudd &
gl mAgB g8ol WA} 47 Tl A
Z9e] AU 28} Wl AnD Fol 4F AT
o Agol Uehuteh. 850l AlnT 29 TN Rur
ohzt A7A W WA E $8o] BRI or], AN
o Aol ol uehikeh 127elE 29 Alnn
AoAxe FE3} FED} wiAlo] It Trichrome
A4 F BAY A AnD 209 T AR} 42E
B dehton 2F7A) W% Sk R4S neley
vTy 4e s BEEA batekFie D,

2) MXHEO0IA AA

Tacrolimus o] 4F Folle &4 And A A el g
Aol PAERS FEI Wido] Yelygon dat 29
o] Af3t W= Q) 8Fol A ol gt AF3It B S
AgP=lo] F3 FEAl AGE BEE F g 29
Aol A FEI} wYo] Frlslolon, T4 AnTo
vl A FAA R ol H3yt Aujslsi). 1256
A d3 FHol FE2F] Aol YA HF3E Ba
g Uk A FIAZolle 5HA FE(isometric
vacuole)®] 717} A= 9l ch(Fig. 2).

Table 1. Sequences of primers of TGF- 51 TNF-g and GAPDH

Gene 5’ primer (5°-3") 3’ primer (5°-3%) Product size (bp)
TGF- 51 AAGAACTGCTGTGTGCGG GCACTTGCAGGAGCGCACAA 297
TNF- ¢ CCGATGGGTTGTACCTTGTC AATGCATCCTGCACCACCAA 308
GAPDH AATGACTCCAAAGTAGACC GTAGCCATATTCATTGTCATA 516

TGF = transforming growth factor; TNF = tumor necrosis factor; GAPDH = glyceraldehyde-3-phosphate dehydrogenase; bp = base pair.
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Fig. 1. Light microscopic findings of the tacrolimus-treated mouse kidney. (A) Peritubular capillaries are congested at the tacrolimus-treated
mouse kidney for four weeks (H&E, x200). (B) Atrophied tubules of the tacrolimus-treated mouse kidney for 10 weeks are present
(H&E, x200). (C) Focal interstitial fibrosis of the tacrolimus-treated mouse kidney for 12 weeks are present (Masson’s trichrome

stain, X 200).

Fig. 2. Electron microscopic findings of the tacrolimus-treated
mouse kidney for 12 weeks. Isometric vacuoles and elec-
tron dense lysosomes are found at proximal tubular epithe-
lium (TEM, original magnification X 5,000).

3) TGF-81 EHef0f| CHBt HAXE sl B4

TGF- 41 ko] Wzt o iy B9 & Jas7] Y3l
of Wz 3E g A A dzFdMe 4
o] en, tacrolimus Fof 15 & Hud AHAHE Aojg]
BZAETES AT A ZAEHY HIH A XA TGF-
81 gkue] ofFsiA] Ao 2 vebigrt 4FellE AA
el Wy HEolA dde] SR, AT 4
HAEY HAZANAL Wlo] JAE ) 85 ol Hpoll
Ak 298 3 A e A ZollA] TGF- 81 w4y
o] W ElS < ¢ Ik 10FdAE A 43 HE
Aol RAEHET] AFA A ZAER] F AE,
Aud 43 XA TGF- A1 whwo] W= 1, 9%
2 A 4uoAE dde] S5t RFE o|¢t
frAsh Al B E R chFig. 3).
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Fig. 3. (A) Atrophied epithelial cells of the tacrolimus-treated mouse kidney for 10 weeks are strongly positive for TGF-A31 (Im-
munohistochemistry, x400). (B) The endothelial cells of gromerulus, peritubular capillaries and tubular epithelial cells of the
tacrolimus-treated mouse kidney for 12 weeks are positive for TGF- 81 (Immunohistochemistry, X 400).

Fig. 4. TGF- 31 mRNA is expressed at the endothelial cells of the
glomerulus of the tacrolimus-treated mouse kidney ( In situ
hybridization, x200).

4) TGF- 81 mRNAO]| CYst In siru Hybridization

TGF- 51 mRNAo) t3} in situ hybridization 23 )2
oA ¥l PAE A kgt o}, tacrolimus Fo 7ol
A AAl el d3 Wis] AZEe 7H3e €3 e Al
Fol|A TGF- 81 mRNA7} ®tddgle] =] qlck(Fig. 4).

5) TGF-B81 mRNAOQ| CH3l Reverse Transcriptase
(RT)-PCR

TGF- 81 mRNAS] W8 & 3&3}y] $lsto] A8 RT-
PCR A7} tizFdAE FAold ey AdFaiAs 1F
FE] izl v AstA g¥sgled, 105:F7A 2
Uy Aert vty RFdE thh gashe S
B9}, 3t TNF-¢ mRNAol| tdt RT-PCR Zi= Ay

A
MCC 114 48 8 1010 12 12 weeks

GAPDH
*+ (516 bp)

B
MCC 11 4 48 81010 12 12 weeks

GAPDH
<« (516 bp)

< TGF-p1
(297 bp)

Fig. 5. TGF- 31 and TNF- ¢ mRNA expression analyzed by RT-
PCR in the control and the tacrolimus-treated mouse kid-
ney. (A) TNF-¢ mRNA is not expressed in the control
and the tacrolimus-treated mouse kidney. (B) TGF- A1
mRNA is expressed in the tacrolimus-treated mouse kid-
ney. M = size marker; C = control group; GAPDH =
glyceraldehyde-3-phosphate dehydrogenase.

T3 z2F EFellA dEs R kskekFg. 5).
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Tacrolimus®] A=A9] ey EA o) gk Yo B
LE7150] ey, F2 Ao Aol §lo]A] tacro-
limus®} Fof 3 7R whgolu} F2 o Foll 27 7
A7t AlgEe] tacrolimus 54 9] Fejetd W g 9
skl AL Sich webd FE RldA Agez
25 tacrolimus A1Z4]¢) FeithA o] Aol Al
0|4 ¥ AX ube3} tacrolimus ASA S AHeEY =
wol € Aoz A7
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A% ez Easlzn Ut Yamada F(6)2 FANA
tacrolimus& 1497+ 87 W o] & AFA @ #Ax] W
ddstg e F7h Al SAE W ddage 29 5
9 &AE HIAAT, 794 TAARE 4FAE U
PAS <}A Tgle] AFFP o olEdt AHYL 14U
a7t Aasge FEI WAE RS Badgld.
Shihab E(16)2 ¥ dl|A tacrolimusE 28U 7} I} F A4
G Aol A Aluge] F44 e FEI WA, 14
o] 2, e &, 7149 4/ (striped pattern) 453+
& E33qch Y€ FK506 A7 259 Ea(nel o
9 tacrolimus A154 Z7ldle AAnde] FEI} WA,
AT x4 AR5 dehtel EolelE ey 74
o 4937t dehgeh £ ATeldE 3% 2 AAdm|
7 AAE €3 F99 ASAE HE, AA T A
E Al slad, And 4] AT FX3 HAo| B
Row 85 o|Felle MuHe %] velyrt. Tacro-
limus Fof 15 Fol] ZAMEH F9] ZAEHS THo
FAE Y ol& wcrolimuse] AEA o] HBoll4 A|F
e AAG 2AETE F99 Afde F4Hog
ko R2F7LA] [FollA 1A A4 FL& vjk4 A
frite dEEA gt

Tacrolimus A1 5A4lell gt 7] A 2 oM = &3] yhel4
Q1A ¢kr}. Kumano (172 2 FH ol tacrolimusE 2147k
BT 5o AT ATFA A3go| A AT &+
M Eol| FE3} WiAJo] VElkon 3 44 FoiT o]
gt AEdo] A FHII tacrolimus A EA - ¥
¥ &4 B gloka 2481310} Yamada $(6)E tacro-
limus Fof A] AFAGAA7 ST 8d =7}
F7H g Exsta 9lo] #d &2 prostaglandin®] £
HE U vFd JF Aoz A7} Tacrolimus 4l
F40 ol @ 75 9 ATAH g BAE F4 5
A9 EAolgtd T4 EAL €349 viF o A9
Afstetn & 5 gldh g3y vEe 224EA
A&7t ZAE 4ol g8l FES T ole g A A
Az} #E% Aoz AZEc

TGF- A& 4%, TAE, BT 9 oj4] A|Eoll4 £u]
He g7l AolEdQle g EFEENAE 3714 o}3
(TGF- 51, 2, 3)o] EAlst+= Aew Bas 3 glvh TGF-4
= AE WA, Axe £3tet A, =3 £49 X 49
A FAoll T3l AEL]71AY FH FHo] gl
W, g9 A9 453} P& 2WY 5+ Ach(U8) TGF-
B1E U3 4 TE9 A4R3 WA E Yds)
Okuda 5192 fF A APH o g Fubdt AFA Ay
EullollA ME2]7]AQl proteoglycani} fibronectin®} A
%718} TGF- 41 mRNA 9 whaje] ulde] Zrlx]o] ¢l
TGF- S1oll tigt g8 A Fol 2 proteoglycand} fibronectin

o] Aol dAFE FEsT TGF-flo] AatellA AE
9] 714 43 o] USE Earsiglrt. Cyclosporine
AEAAE TGF-Blo] H{3& fuslo] cyclosporine
AL dodle Yo Busgict Khanna $(20)
w2 o] cyclosporine-g £oslod TGE-A10] =73l o]
213k TGF- 812 4§53t §% AolEFIQl e g 2 gslo] A
AS3E usle Aeg Baslgdel. Nicholson (92
cyclosporineg §-of W AlAbol4] Fale] o] 4]4AldA
TGF- 81 mRNA$®] 2771 Za}4, tissue inhibitor of metal-
loproteinase (TIMP)2] mRNA Z7}9} AABAE Ko
TGF- g1o] o4 AlellA] {35 fFdsle Ao|EFIAY
£ Raslgch

Cyclosporine®t §AgH 7|22 AS4 o] futd Ao
2 A= tacrolimus A EA A% TGF-Ble] 243
Agge ¥ Ro g AztEv}l, Khamma E(21)S TAE, AS549
Al Z(human lung adenocarcinoma cell line), T chaliito]|
A] tacrolimus F-of 2 TGF- 41 whuje] Z7}8 Hoj TGF- A1
o tacrolimus®} WA Aot A AR3tE QY A
EAoE BoIg-g B3stgich. Shihab S(16)2 tacrolimus
§ Fo4% gF A TGF- 81 mRNAZL A7) H 3ol u}
& E71E Hoarelel AL, Jeong S(10)2 tacrolimusE
g R1F oA TGE-Blo] 49} Azt AA G #AX ol
A Frrel e ol o 77k vlsle] FUle B
k120

B Aol WAz 34 Y A} tacrolimus Fof F
150l A B-E] TGF- 81 whie] whdo] Yelyjon] F2 A
28 ZIAHE F999 g3 F99 AFA e € B
HAollA W= et 857 ol 4 TGF-B12] W B9
£ AU AU B3 ] Uiy AlEA st
Al W E A} o] tacrolimus A5 o] AFHARE A
& Al TGF- 418 4%, THE, dhe g o4
AEAH AT deiA o, AdR3E fubst
© TGF-p18] A ) 8ol sl Baxto) uf
gt B AolE Hojed W HAE And 4y A
E,22) A7A,23) AtAS] EADAE29) 3o HY
TAHE,25) AT £} AEY26) Fol RaE3 Qi)
£ Aol 27]0l @] Wz M Eol|A TGF-Fle] &
s ol tacrolimus7} AFAl Wlu] HEollA TGF- A1
o] A& F7HAIFI F7H8 TGF-Blo] AA Wz &
Abslo] AgA HAIEY i A £l A TGF- Blo] whdl
fokn A4 4 ok =, Al 4y A XA TGF-
Bl W& ATA HIHAEANA gHEIF TGF-Slo] 3
FE A e AuD F99 EAEB] HFo
o Axd 4PNER Hdse Ao 3¢ 5+ 9l
th(27) & AN E ZAEH A Lol4 WA TGF-
B1 whio] WM E QT o] F Al A Al XA E TGF-
B1e] W¥e] Yettow £2 M 4 HE U7
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ol A W= 8F FHE] A A A E uwd
e #EE T A

Akel Alalo]d] A =2 oA cyclosporined} tacrolimus
9] S8 AEE u]2e Bicknell 5(28)2] AHd o+t
 tacrolimusel] H]3}| cyclosporine F-of FollA] FehAl III,
TIMP mRNA @¥o| §o3lA E&& HEs3 cyclo-
sporineol] H]3l tacrolimus7} A1A4-G3¥ ko] Hrlx K3
stgich 2 Ayl A= cyclosporine A154 9] Fefghy ¥
35 743 Mihatsch 5299 ExellA ¢k 2L A7 9
oukA) A3t W& BHEA] gkobA cyclosporineo]] H]
3 AF o2 tacrolimuse AFAJo] HE o F44
o} zelu B AdollA tacrolimus FoftollA 125714
TGF- A1 w4 I mRNAV} | &H02 wise AL 4
H77HE QAT BS AT AR 28" HeAel

& A

& =

a}-&-2o tacrolimus 2.5 mg/kge Y B Wol| Fois
TG, 4F, 8F, 105 F 1250 B4l AA-E HEs)
o Fedu|7d 9 AxHv]3 HA, TGE-F1 o4 gl
mRNAS W z3 33t AA, RT-PCR ¥ in situ hybridi-
zationg AAIE A7 tacrolimus A=A FH FeH
H3lE Fdn7 oA AAA o ATAH ZAER
9] gdy duF Aulg 54, Aud AIAE
9] &3 FE3} HAolglon, T4HY ARIE W
Hoiet AREn g FHM= Axd 4 AX W =
&% 2893 Ay 49 AL X HA Fo A
744 wiztel B3 F99o T4 ARt vz
A 3}et of YollA TGF-p12 A 9 A4A =39 ¢
o ] A Fol|AHE BEEgw o] Alud 43l AE
o4 utE = glcl. TGF-A1 mRNAE Fof 27|58 iz
ol ulsl 7hslA wEEgl e, 2F7A] AEH o2 W
Aot 123 i AiaEHE FE Eck Tac-
rolimusE AHg3F B dFollA Az uinkd] AH3
= WA gskon} Agskel 43 Aae] glv TGF-
Blo] A& oz WEEE AoF Hol ¥ Wiu] Ax
EHE] AAH TGF-plo] 3 Fol A E ¢ 7|2 A
& SRt AAFIE 2 ASA o] Uehde
Ao 2 3¢ 5 Uk
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