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M BHTET, HR R RBab &

VBRI B 452 IRk
BRI By 5 —

z B ARRAHE AL I & PR I3 T O FE LM A U, MM L2 2 L 723 3 i IS sEA 212 i
5. EHAEACITSEE R E ORI R B B R O M#IT IS S L TR Y, BRI S Z L IXB R
LT ERBIRLTWS, —EAE UM LIZIAT AT, BB L CEEMEARE R EonTLES. L
7ot T, BMAMALORF 2 HHT 2 2 LI3IFRICHEELMIARETH 5. ML & L TR (i)
ML OIEPEAL & 385 R0, ) 2 AN M R B DSRAEL 2 B S L 3B K Dfigs CIBL -2 L TH DAY, 22 ICE
5F TORBIIIFRFFOFEROALET S LEZLNT VA, DF ), FEIIERMEME, 24> 37 44,
) AT RIT CEAMIE E Vo 7R TS L, £ NS LIS S L TWw b 2 e h o
DhbH. FIEEA ORI OERIzER T O e L#HELIZIE, transforming growth factor-f (TGF-f) 12
Lo TiFE S N7z LR HEERBATR, wingless/int (WNT) 3 77 )b, & 5121, @R EARILE D 29E, BRI R
FEWC X DD LTBY, ZNHIZo0W Tk 3 5. &I, B LICBES L Cw 20T 20 & L72iGHRE

& LT PLTGR-pHufER 1) ¥/ AL = ¥ F 9 — ¥, mammalian target of rapamycin (mTOR) |2 DWW Tk~ 5%,

* — 7 — R : TGF-B, WNT/B-catenin, 1" 7 I ZEREAT, JSIE, IREFIE.

i@ U & (Z

SR EE T, SERTOREICHET 00 H
UL, 2 PEE S (chronic kidney disease: CKD) IZE 1)
REOBSIIERNBEALE BRI DL H L[], F7-,
EARMEILIZCKD 2 AT S 4. BRI
FE ORMEALDTR & % E 245 TV B A%, BLIZHHE
L Vo THTNTHENDL D LIRS v, Mk
(LW IZAIBEROBBEREMLTBY, RETS
MR A F 270 ELD D EZ LN TWY
L. L7eho T BEINZHMBRICE > TT T A2l
RV R ORE &~ A T A2 A Lo 13 &
CE) DR, EHIE AP LTIy POV
52 EETERNDOYR, 5% OMIANEE 2 W7 iR
L& 2 5 (Fig. 1), BIROMBHEALT BT 24 <

(20154E 11 H 6 H %4, 20164E1 H 15 H %#)

T &3, MR oML Dl OB RE R AR T S
HETIEFAETH A, Lo L, BlklEMliEss 2, R
HAE M, 4> 7 AM0E, Mg/ E (extracellular
matrix: ECM) jEAEMINE, M N AL & v o 722 kk 7%
HlE CTRER S, Z 03 FIEE oML FET 2
728, WAL T 5] &R 2 T 3 TA R B
L., KT, LD EINTH 5 L ERAT
(epithelial-mesenchymal transition: EMT) R &Ill, Z L
T, IRFE & IS RAHEIL IS £ b B 00 F A1
2OV TS T 5 (Fig. 2).

BiRAL & BHEEE

R RAE AL O T BRI - A PR YRR LIRS 2, £
FRAVE THAE D984 - 2k, ECM O34 & 2R ER 1R
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Fig. 1. Process of tissue repair and fibrosis. Tissue damage caused by several stimuli triggers acute
immune reaction and the wound healing process. Inflammation and immunocytes stimulate fibroblast
activation and induce fibroblasts into myofibroblasts. Myofibroblast activation serves smooth muscle
actin (SMA) expression, collagen synthesis, and matrix deposition. Temporary activation of inflam-
mation, cell recruitment, and myofibroblasts lead to tissue repair and regeneration, but persistent con-
nective tissue activation ultimately results in fibrosis.
MEEDMATH L. BAIRMEMIE O IL, HEK BHRMELICRI D 2 MRRRE

PRI LR A Y JRANE AT R L 72 R BRI & 72 o T
B, BB SR R A BRI ML 2 T 5
5 & TIRMEZEMD A U H. ECM O JEAITIRNE
ZFEHEIE > THIE L TL 2%, BHALT 5 2 & O
LR L, IR S SIETT 5. BRER
HMEALDIEDS 1) 2SBRRRE & B2 D 5 2 L3 DIHiA 5 51
SNTWDZ LR, — T, BREET I RNEE
MM LR & O P A L BT 2 b O ORERIFTEAL & 1%
LFLOMBEL TV ARW2]., 2oz LIdBHENBR
BiBAL DS RRBE IR B A G52 T H T L EIR L
TW5,

FEAEEI I RANE R R E ORERGIIE 1L, RSk
DIRE S EE M & AR UE R ZER I A ST &
—ARKOFHAE % 5. ZORBEMIIER M A
HIRICIRD & CH SNTHEL, & HICIMER & 4
WCHEAES NS, MEMIZICIE, SR, ~ 27
07y —3, L) AURIF V (erythropoietin: EPO) i
AR RSN D, A LIS EE R EE o Tn D
D1 a-smooth muscle actin (SMA) B4 Ak 2w <
HHY, TOMPAED L HIZLTHBEL TL 259%°
SETRSICET P o TRl 7 ADEM
#E1LE 7V (unilateral ureteral obstruction model: UUO “E
TN NZBWT, BB % a-SMA i # e 3 #
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Fig. 2. Highlights of the mechanism of kidney fibrosis. Causes of kidney fibrosis are
epithelial-mesenchymal transition (EMT), myofibroblasts derived from bone marrow,
anemia, and uremia. EMT is induced by transforming growth factor-§ (TGF-f) and wing-
less/int (WNT). Anemia transfers erythropoietin (EPO) producing cells to fibroblasts that
induce kidney fibrosis. Oxidative and endoplasmic reticulum (ER) stresses induced by

uremia develop into kidney fibrosis.

FaORER LR IZ, & 5 5 LDOBICRIE L T 7 iHEsE
ML 50%, BBk OMINE35%, b ERAT (EMT)
Hsk DN 10%, WEHZERITHROMIBS% TH %
A3, FRICHRRAELIZ 50 < B9 S- LCv B ol B R R AT
& EMT HskMIL & ShN T b [3]. HMERIL @PrE
(CD45) Bt/ I B a5 — 4" > (COLL) Bptia (7 4« 7
O A4 M IEE R R A MER~ — 7 — (CD34) Bl
Th Y, MM L FfRicex 7, TRaTs—7
YRS -7 BXO770x s F 0 bBEET
HHZENGhoTAH[4]., TO7 4704 M
ML TR L, T8 a5 — 4 Y oL RR &
92 & TERMMLICBS LT 2 Ao TET
W5 [5]. —75, UMM RN AEAE S 5 R R
MBI, MR & s & ) 2O HREL TW»
L. Bz E, PR A I N S 1 = IR T+ (platelet-
derived growth factor: PDGF) -8 % Z3-is L, JE Bzl A3 2
DZER(PDGFR-B) #FH L T2 [6]. Z DR
Ja 25 %8 A & BEAL T~ 7E - HEFH L, a-SMA Bk
FHRAESEAIIE N & ZEML T 5 2 LRI S Tw B [7].

Epithelial-mesenchymal transition (EMT) & Transform-
ing growth factor (TGF)-g

€ 7O OEHEHEILIZB D 5 EMT OB 41, UUO
E7)VI8], MR R E € TV [9], 5/6 BT 7L
[10], RERIEE T 70 [11], BHERBAEEHE [12] OB
EHIHET LI EMEIN TS, BHEILS
WTEMT % 4 5 JHF 2DV TIR S < o
& % (Table 1). EMTOHLHY 2 ZHE A3 - T 5
F & L Ctransforming growth factor (TGF)-74%F % T
H5HH, TGF-IXEEICH DL ST EHDH 5 W 2 MK
ICBWTHEMTIZEG L CTWwW5h. EMTIZ X 5 BHiiE
BIFINFETIZD L L DWFEDR R ENT VDA, FT
b TGF-B12 & o THIM % 5203 72 FRANGE bRz <2 JE M A
BIZERMIEANZEIET 2 2 e N TWD, 2%
S TIE, E X ¥ F 7, a-SMA B PERRHES M, T
BMas—4ry, 74 70x7F OFEANRLN, #
HEALICB G L CWwA 2 03z 513, 14]. TGF-B1ik
WERTCH Y, MR EoO TGR-gZHRICH & L7
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Table 1. Factors that induce or promote EMT in kidney

Growth factors
TGF- f 1
Fibroblast growth factor-2
connective tissue growth factor

Proteases
matrix metalloproteinase-2
plasmin

Cytokines
IL-1

Transcription factors
snail, WNT

Environmental stresses
reactive oxygen species
hypoxia

EMT: epithelial-mesenchymal transition, TGF-£1: transforming
growth factor-f1, IL-1: interleukin-1, WNT: wingless/int

%, smad2/3 %) Y IRAL S THEIL S5, EHEILL
7z smad2/3 |4 smad4 & K5 ERITENNELT L, BI5TF5E
HEFE XD, TGF-fY 7V FHMEEIZ L > THEF
XN DT 121, integrin-linked kinase, f1-integrin,
wingless/int (WNT), snail, a-SMA, IJ — %7~ 1A2,
matrix metalloproteinase-2 72 & 2%% 4 [15, 16]. Smad
N ERWTGF-BY 7 F IMEE L IFIES A, T OfE
FEIZBWTHOEMT I 5 Z LA hoTwnd. Z
oD 7 U253 Tld ras homolog family member A
(RhoA) % p38 mitogen-activated protein kinase (MAPK)
12X AEMTREE fTHIL A, BEREW T L 12, p3s-
MAPK % 4 L 72 ¥ 7 F )V {Ri# 4, glycogen synthase
kinase-38(GSK-38) & ANEMEIL S &% 2 & T B-catenin
AHBENICERSE EMTA25S2ILTwas 2L
VRN o THroTE72[17]. BHE~NERL
7z RAEMML R RAENT & o TA b L A% 5 72 BB
fid, Wi Cd 5 TGF-px BEE L, fMH b To
EMTZFHEL CWbH EEXAON, 2OV 7 FVnEE
L C smad2/3 #2855 p38-MAPK RSB 5- L T\ 5.

Wingless/int (WNT) /g-catenin < ¥ F+JUEE

WNT 7 F i3 BEEATH Y, b+ CTld 1955
PHIEL TV A18]. WNTIZ & B ¥ 7 F IV mE I,
f-catenin 5B 5-3 2 1 HLAERE [19] & B-catenin 25 5- L
e WIEH IR 2D 5 [20] (Fig. 3). HMLAFERIZ WNT

YT FMREOH T b o L bR SN TV 2
TH Y, WNT Y 7 F VAREDF 7 DIREE Tld Axin/
Adenomatous polyposis coli (APC)/ glycogen synthase
kinase (GSK)-3H &I L V), p-catenin D V) ¥ AL
L RAATO IS, WNT MR O WNT Z 754k
(Frizzled) |25 44 5 2 & TGSK-3p% i) v ERIL S
4, p-catenin D53 2 HHI$ 5. MRENICER L2
p-catenin BIEANEAT L, #h4 R EWHIZ T ORI %
FHESED.

WNT I EHIRZE RIS B W CRBHRC RSN D
B, ERREI L TW 20 TlE % 2%E, IKERER, IRILA
MU A EORBTHEISFESINL [21]. Lo
T WNTHEIIIA ML ARIEDO—=2TH5H. WNT
77 ) —OHTH WNTI0A X HE B X OVl & #r Ak
DEE 2o TH Y, B EYMEREZ LR E O F i
MBIZFEBL L TRIGEEICE D > T 5 [22]. BK
BT, £ OWNT O FAE gz L TF
HAELICBI G- LT b 2 & s ST % (23, 24].
Z v FUUO & 7V TIEEMMEIL OIS & WNT D
FEBURHINC B S L S 1, B 20E, WNT3 IR T
B2 5 BB 5 1% — 77, WNT4 & WNTI0A iE
D S BN T TP Y -2 L2 5 23]. £
72, WNT10A % 8Bl L 72 #EHE 35 M IZ (X ECM D1 1 1
GTHDHTA TR T YORBPEALTE), &
N E AL T D WNTI10A Bt M 25 1E § 2
AL TIIBHE L AR <, B BE A BT LT 5
CEHRENT WA [24]. FEWHIERS & L CREMAE
fLICB5-4 % b0 & L TIEWNTSA-Ror2 ¥ 7" F V%
EDRH ST 5[25,26]. WNT Y 7 F IVIRED
EH#)Td 5 Dickkopf-1 % vy 5 & WNT ¥ 7 F )V I5iE
DR E 5T Td % Twist, lymphoid enhancer-binding
factor-1 (LEF1), v-myc avian myelocytomatosis viral
oncogene homolog (c-myc), 7 4 7 1 & 7 F » DFEHM
KF9 % [23].

WNTIXEMT % 39 % & & CTHIRZEH ROl 58
AIZBD 5T A ([27]. WNT ¥ 7 F VRED EMT %
S L CEMEL 2B SR LT 5 IR E5H
%, LA L, WNT Y 7 T VREOBE BRI,
snail % Twist & \» > 72 E-box (the basic region interacts
with the major groove of the DNA) % 43" % EMT Bz
FRFOBEFHH5H. b L L BERIEDOMME M
HaL <2 PRANAE b B MIAE, I8 P B2 MR Y EMT (2 X > THj
FAMESF AL & 2 0, MLz R 2 emenTw
% [3]. 4% WNTZEMTIZ X A #HELicE ) b o
TWLDEMHT LI LITERETH .
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Fig. 3. Wingless/int (WNT) signaling. A simplified schema shows the intracellular signaling networks involved in
the canonical (f-catenin dependent) and non-canonical (f-catenin independent) pathways. WNT proteins transmit
frizzled (Frd) receptor and co-receptor LDL receptor-related protein-5/6 (LRP5/6), or the receptor tyrosine kinase-like
orphan receptor 2 (Ror2) receptor. Phosphorylated Dishevelled (DVL) activates the downstream signaling of the ca-
nonical pathway. f-catenin escaped from ubiquitination allows translocation into the nuclei and binds to T cell factor
(TCF) / lymphoid enhancer-binding factor-1 (Lefl). TCF/Lefl expresses several target genes. The binding of WNT
proteins and Frd receptor leads to the generation of inositol 1, 4, 5-triphosphate (IP3). TP3 induces the release of Ca’*
from the endoplasmic reticulum. A high concentration of Ca** activates calcinurin, which activates nuclear factors as-
sociated with T cells (NFAT) by dephosphorylation. Actived NFAT expresses several genes in the nucleus. WNT5a-
Ror2 receptor binding activates the c-Jun N-terminal kinase (JNK) pathway that causes cell migration and polarity.
APC: adenomatous polyposis coli, GSK-34: glycogen synthase kinase 3f. Axin: Axis inhibitor protein.

BRI & B E DR (CKD)

CKD D HEFT & LI COEPOEEA MR TF 4 &
ETEMEMAE LS. T, BHAIMI X B
REEFEIRAE X CKDHER D ) 2 7 L 722 1) 9 B8, BME
Mizx L CEPO A % #5595 & CKD D #4T % i
5 2 EDEEOISE Tl S T A [28-30]. EPO

PEAMNGXE R EICHERELTBY, BUHAImZ) Tk
CBHEAEALICBEE LT B Z EASHIBI LT b, B
AR E S R MR T H 5 A%, ik 2 DEPO
FEAEANNE & A CHAESE R TH % [31]. Asada & Dt
X B L, BEER 21X EPO A MIEL AT a-SMA [ 1
AR SE MR T R0 L R LICB S LT D
A, R b EPO A RRIZMFR SN Twab, 2L
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T.EPODFEBZFHE S5 & BRENSMKT LTV
b EPO FEAEBED N 5 2 Vo C&72[32]. ©
% 1), CKD TIZ EPO EEAEAMIEOFEREDME T L T a-SMA
B PR AE AN R L CW B 7217 Th ), £
DZEALI IR TH LU REHEARIE E N TN 5,

==
HE

bR i

CKD 2 EATS % L RFEROBNFERIEZ D,
DIRFFFEDMENLZANE, A4 > F7 24108, RAE
FREMRBICIERTA 2T, BILA ML ARMEMES
iE, MBEHIEOIHIAHEZ 5. oL, Bk
CKD DHEFTIZBI G- L T3 2 & LRI 6 5322 > C
W5, JREBRLITEOEMN T Fro o RKEWHET =4
YTHY, {4~ FF VR (indoxyl sulfate: 1S), 1 >
F— VEERE, BRI &h3® 5 (33]. RERICLBIR
MEREEIE R, BLA ML AIZL 2 b 0 &/ afkA
ML DD H D, EFTERILA L AT, #
BT nuclear factor-kappa B (NF-xB) 23 4L S 41, IR
#% C @ TGF-p, tissue inhibitor of metalloproteinase-1,
plasminogen activator inhibitor-1(PAI-1) 7 & O #{x
FRBDFHE SIS [34]. K12, PAI-LIZERAEILE D
MBS S TWB[35]. KIS, KBFIZL DAL
72N A b L AR L7 JRE R E T, activating
transcription factor 4 D FEHAHY LA L, interleukin (IL)
6 p2l OFEBFEL R T, AHRE L MM
S, SRAE M e o IR T AR & P
T5036]. F72, ¥ 7 RZISEKG T EHEAT
Da-SMAZGH EAPE LN, FEME~—7—Th
% zonula occludens-1 FEHLANHA L TH D, ISHE I
BULZEMTZFHEL TV AT EEEIRIEBEEI LTS
(37). BEDZ &0 6, RERDVERILA b LA Dk
AMVA, ZLT, TOfRE L TEESNSLEMT %
L T2 IR L TWAZ eI NTE T
W5,

PR\ 2T SRS TEELRFERTH 5
B, EDA ZALEEERIC L > TRR L. BIZIE, 7
LA~ A 2 2 & B LIZ 2 OFEHN L - TR
M T RN =2 A %F T TH, WHEALEFIZE > T
T SN B AR IO £ 7 1 — v AW ERA
E B, FHNS X B MG SRR R B 28, S
JBAMFRE L C RIS G MEAE T 0w 7 ECM EA: - BE
LT B T L THAEILSTER S 5 (38,39, Bk

—

03

itz

LICB LTI, ED X 91 L CRIERISAE L 5 DA,
&9 Vo 7 EH LRS- L T B 2l onTiE
FEAIEI E N TV v,

FHEMNE D & 13k 4 R BER F-2 A M A U8
WS NL DS, AELICE b A REN R LD L LT,
tumor necrosis factor (TNF)-a & IL-1823% 5. 215
\&, EMT % 535 L 72 1) TGF-B & 3L\ SR HE S A 2 1%
AL 720 95 2 & TRAEILICIES-3 5 [40]. 5
|2, TNF-a & IL-181X IL-6 DFEH 2 FFHEF 555, T DIL-6
ERRAMEEEI S H OIS 2 2 L 2 LT, <
o7y =0Ty FTHLI MY I UT 7=
b A G R ESRMEI LIS LTV B 2 Do
Twhb, M2v 717 7— JIFEIERECHE LR
WNCMBLL, TGF-px AT 5 2 & Tk O#AEL 7
T+ AN AT A, LA L, CD4 RGN T A 2
55w S N7z TGF-BIEMAE L 25 & Z 3 13A ) TiE
e, MIRIETE O X ) I c e > THMA B & %
HIHTIZD %D S 5[41]. TGF-RIFFHEN ORI TH S
AW, BAZTGF-p & HHI$ 5 2 & A IEIEN &35
ST LAREDHBEETCE WA H L. &
BT, AT T AT A FRLRIEIIHIEE L B HU5E -
PUOREFEDSRMA L 2 I T 2 029 T onTH %
COMERZEINTVES,

0 HME AL 16 I

EMA L OWF 2 I3 5 2 &%, A boEE %
)z, CKD#EFTHPHI R KA 4 - EATEAEE O
DNEED D, RAE LR IR L 1T & TlE RS,
FERHEALIZOWTH 5 FENRE L BHIR L 2% %
EM T 5 (Table 2). Pirfenidone (3 KRN R H A TIEAF
FE MM ARAEAE L L CERRIBH ST 5 3EHTH
5 [42]. B DLl v E 721 TH 2 A5, Mk
3F A0 0 18 5l <0 Ji e A T DG AL & 3 S 5 2
L TECMELEZHET 2MRPEDOSN T D, F
HHEAL R I I ARAE L 123 L T b, pirfenidone D &) F A3
B ER L NV TIUERRO SN T A, TGF-AICHT 5
Pk [43]10%, AR LEIENC RIS R 5 5 2
EPMIRFSINTBY, &G MMpE, EIRARIKEE
I, FREEVERIRIAERE 72 E~OISHIZ DO W TsE S T
W5 [44]. L L, Aiak o & 5 IZBIMEIRIE R PLIsiElE
Mol B EHETOHELTCLEH 720, £
HICIZEEZZE ST 530 L% 2 5. Roxadustat i EPO
PEAEAINE 2 Hlig S, BUEIMOUE L a-SMA it
HMEZF M2 & EPO EE MO Bk 2k 2 3 2
& T, CKD#EATIIHNZ R RAFRD 52D & % [45]
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Table 2. Novel agents for treatment in kidney fibrosis

31

Therapeutic agents Target Diseases ref

pirfenidone TGF- activity kidney fibrosis, IPF 42
hypertrophic cardiomyopathy

fresolimumab pan TGF-f FSGS, systemic sclerosis 44, 48
IPF, myelofibrosis

STX-100 integrin aVf 6 kidney fibrosis, IPF 46

rapamycin / sirolimus mTOR kidney fibrosis, IPF 47

roxadustat hypoxia-inducible factor CKD 45

prolyl hydroxylase

TGEF-4: transforming growth factor-f, mTOR: mammalian target of rapamycin, IPF: idiopathic pulmonary fibrosis,
FSGS: focal segmental glomerular sclerosis, CKD: chronic kidney disease, ref: refences

Integrin-aVB6 (X AETE TGF- % Ff I HEL s 2 %
BN B 5.
PS5 2 ERPFEEI N TR S,
T, Integrin-aVp6 D CTE R A % O B AL TR

SIS B PUAEER ISR LR %
B IZE I D

EHENOFEPEO SN TV 5[46]. Y v/

AL F = FF — ¥ O mammalian target of rapamycin
(mTOR) X EMALE FET 2 EEHLEHDO—DTH

. WHESERIBON @ mTOR 75 TGF-B DR % 1 THE

HESF ML O HE%E % #3 < . Rapamycin/sirolimus (X mTOR
EEHICIHET 28H L L TRHISNTE Y, UUO £
7 )V rat |2 rapamycin/sirolimus % #%5-3 % & TGF-f 3 7
FOV AN S A, AR 2 A O B gE & I S
& TERAELAHIE S B [47].

SHEORZE

WAL 55| 3 S 5T AERER Y 7 RO

BB RIGIRIEIZ DO WTHEA 7 & E Do TE 72D,
FIREIC4 D 2 B, BAEILRF OBHIZIAT 724 { o
MEPED SN TWD,
Fe i, () sl o B - {5 1AL, 2 1ucHt < ECM
DL TdH 5 Z LAIIMESR OMHEIL L 2 b D) 2w
L, BRI RAE M, IR, A A
Mifa, MEMIE L Vo 722 TRk En T2
IS, B L O E R DS IR I M e > TV .
¥ 72, JREFAE R EPO A MR 12 & 2 B L~ D B 5-
EE AR OMAE LT TH 5.
DOIFRERIII T MR I TSR E O X ) = X L D
APBETH S, [RIFEIC, BRI RO 7 PUARHE L E
FOMBELEDOENTEY, IEFITEH I NLETH

BRI L O L~V T o

L

DX B

Gk, ERAELOINREM I CKD O 4T % B X,

BHTEA - ERAEE ORI ZEED > T 2 A
fFEns.

M ® B KR

A AHYS § 2 HIHZ L

50 B X ®
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Abstract : Fibrosis occurs in systemic tissues other than the brain and finally induces dysfunction of the fibrotic
organ. Kidney fibrosis is related to scarring after acute kidney injury and the progression of chronic kidney disease.
Kidney function decreases with the progression of kidney fibrosis. As fibrotic tissue cannot return to its original sta-
tus, advanced kidney fibrosis requires the administration of dialysis or kidney transplantation. Thus, elucidation the
mechanism of kidney fibrosis is an important research theme. The proliferation and activation of (myo) fibroblasts
and the excessive production of an extracellular matrix are common mechanisms in fibrosis in many organs, but it
seems that kidney fibrosis has specific pathways. Tubular epithelial, mesangial cells, and erythropoietin producing
cells, which exist only in the kidney, participate in forming kidney fibrosis. This review highlights an understanding
of the cells and their underlying mechanisms, which are specific to kidney fibrosis process: transforming growth
factor-ff (TGF-p), epithelial-mesenchymal transition, wingless/int-1 (WNT) signaling, renal anemia, and uremia.
Finally, we describe potential therapies that focus on the mechanisms of kidney fibrosis: anti-TGF-£ antibody and
mammalian target of rapamycin (mTOR).

Key words: TGF-f, WNT/f-catenin, epithelial-mesenchymal transition, inflammation, uremia.
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