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i AT W] ARAY] Fo gelo@ 1 ulFe] HA ANRN Faody ALY AL FFaA she e wels
o] oAt girk. 1950th T Faoy NF] Welazish A ek B o]l ofF A g NF
el 278 FHehA sk AESol dgkedl ol WHAsh QPRI AT ALES Fale] NawH A4 T
ol¥8 AAaket F2alth (Table 1), WA A%e] Wl AAFAsL QLA BrisolA durdow Yehlo
AFH E 1A FeIE Btk 53] LA gue] tg BROAE class o4 HAA St 54 582 Sl
3 4 glid ol Wnlow A & gl A 27] Wuelt,

MAR -2 WA AESE Z1AR o)fol AN ANFAE TRAOE AXsH: FANRE Bk HAAE AEE WA
71e) et 248 sk B SAze} BrhislaEsl ADs) EAesle] ATA ARG 2del] Belolue Agal
=509 99k s oo (Fig. 1), Aol dRbAS A7} oibge Adnh 220 dojshs BA5e Bulsle] 2asi
A RS T Bolste] ofe] /) WY BAES APk o 5e) $8AE AR Akl ek 3 204 o]
A A A1) T e A 3] jg T8 We AFEel sl ds] ol Axelt A
o= ofm Aol EolAQ) WMEAS knockout SRz FAA £ TPYEe] MukswA ALY AT T B 714
o= olgsle] olalE Wala iz, ZAES] B tht AATA AENT AT urk B AR QoA we AT A
shgo] Wi Hw Yk olela e A JEse] weelE Brek g AFAE SERPIE AT Soldow
WRSH G4 B RAIR oleldt 49 Yol ol 83k AH, WA B3t SAeIA] ThE ARl A
91 AL ST M2 Azl ALyl 7)Ao FAH GTL F Y A s

Table 1. =34 59 AHA WA o

Class Description Inclusion Criteria
I Mild or nonspecific LM changes Biopsy does not meet any of the criteria mentioned below for class II, III,
and EM—proven GBM thickening or IVGBM > 395 nm in female and >430 nm in male individuals 9 years
of age and oldera
ITa Mild mesangial expansion Biopsy does not meet criteria for class III or IVMild mesangial expansion
in >25% of the observed mesangium
IIb Severe mesangial expansion Biopsy does not meet criteria for class III or IVSevere mesangial expan-
sion in >25% of the observed mesangium
111 Nodular sclerosis Biopsy does not meet criteria for class IVAt least one convincing Kimmel-
(Kimmelstiel-Wilson lesion) stiel-Wilson lesion
v Advanced diabetic Global glomerular sclerosis in >50% of glomeruliLesions from classes I

glomerulosclerosis

through III

Tervaert, T. W. C. et al. J] Am Soc Nephrol 2010;21:556—563
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FeHA AN nEET wFA WS MEe] £47]H2 protein kinase C A3}, advanced glycosylation end

products (AGEs) %7} polyol/hexoxamine pathway 2738}, M¥xF7]#d whilZ2 o] W8l reactive oxygen species

(ROS) Z7%, nitric oxide (NO) Az} Fo] dojuj the AL AEEAME FARH doldt} (Fig. 2). Tt

g AlEAde] 2710 o] Aol Bt AARFAIY mEete] A= o) WRERS AlREY] stretch® g o8] 7
1

A EAES BHIAAA wIA S Al Hldieh S49 Hao] v s fFEARITE Alvrh X =g A=l ofste] ||

Fig. 1. A=A WAA 5 Al
Quaggin S E, Kreidberg J A Development 2008;135:609—620.

protein ROS < .
a-f.{f? = Active TGF-f

-
il
=
L
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ACE FR
ANG = ®
decorin

-
decorin CTGF « @ ECM accumulation

Fig. 2. 189 A =Fof] 23k HAAS AlEo &4 7], Mason, R. M. et al. J Am Soc Nephrol 2003;14:1358—1373.
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AR A S §3 ALE QIS BUEE Lolsie] FTAS] AR5k AATA Bl Belef ol s
wh BREe] PAHS AN AEAS kBRIt @A Faod el JHlA ojuld At Fag 98 o
A B8] WA AR of R el 7ol ol A2 19 A Sol S 1A A AR
o ARk oleldh AATAl AR 4 280 FAolE DA WS AEAE 4EE 48 s ga ofdlE
omE WHAA) Qe BRo] s rh T S AEe] 24 71 he] g A AT NEER BF G
NZe) AsplE e giste] we At Dastele Azhach

M Z2] 714 (Extracellular matrix, ECM)¢] thA}el

axEG] 93k HARL AMEY] &AM AEER] transporterel] &ste] ME WEQ] glucose §YL MU &4
j

AZAGAAE 43t A2th AAEET mFoA GLUT-1S ZPEdshes AR AZE wYdsiols o A7 (extra-
cellular matrix, ECM) 9] A3/do] S7lslal, W2 GLUT—1 %A A& f1br0nectin9] o] A= Blo] HalE Rl
= ol AEEITIHNA MEW glucose Yol TLaTHE A& & 471 ik HZol= nivta Adskate] o] g
AT7F s Az} wAkAE AlaEeke] A ARAETE FRlg 27k B2 (adipokines) Fo] HIAEAE Al
% FFE M= Aol Mtk AAR= o] FllA visfatinAF=Fell o]ate] wiFEl WAAR AlsEe)A AlEEe] GLUT—19]

MEWRE o]Eate] wAAE MEWEY glucose U F7HAA, o5 AW £47]H0] EA3) H= RS gelsigict. o] 9
o adiponectin, leptin, Fetuin—A Sl thet HuE= 9J

MENZ FYE glucose= A2E8F=Y fructose 6—phosphate®} glyceraldehydes 3—phosphate (G 3—P)& #3g+
T3, T}k transferase®} phosphatase G3—Pol 23} glycerol phosphate® ZH3te+=d|, ©]i= diacylglycerol
(DAG)®] AFAelty.  Fructose—6—phosphatei= glutamine:fructose—6—phosphate—aminotransferasecl]  2]&}o]
glutamine—6—phosphate 2 &3t A% o] phosphorylation transcription factor SplE E3F ATALANAE E3lo]
TGF—B19} plasminogen activator inhibitor—1 (PAI-1)9] A& Z43le] ECMEEl Hojdtt nxwwe] 231
polyol pathwaysS 243} A]7]+=49l glucoser= NADPH-dependent enzymeSl aldose reductase (AR)o] <]3}o]
sorbitol® YHT} Sorbitol> NAD+Z cofactor® ARE3l] sorbitol dehydrogenaseo] 2]&}] fructose® Ak3ke L
o]i= NADPH Z8A17]al glutathione (GSH)& 74AAA NADH/NAD+ H[EE S7FAA nitric oxide (NO)E Al

71 AW AREPRS-S WA3IAAA oxidant, osmolar stressZE -FrE3ic)

Advanced glycosylation end products (AGEs)

Advanced glycosylation end products (AGEs)+ @idz x4, siibEe] ofn|w7]e} o] Hlagik ol oste] 4
ool whEolxl vofet o] uEAEAelt o] AXET XA 1 Aol FTete]l AMNkES Ao amadori
rearrangement, 29, polymerization, AGEss& A3l AGEse MELolME FoziE 4dso] 58410 RAGE,
OST-48, 80K—H, galectin—3%53 Agsto] tefet whgs Lo, AElelr= dicarbonylZHEl d4= o] PKC,
MAP kinase, NF—«BEe] A5 ALAAL S48 71T} o= A= thorsh 470l xu ZAAES B TGF-pl 5o o
ABAAA ECM el s WAty Al1e Feblat 11]333 Zepdl §4

70 =3 AGEs 1 AR —:i—t}ot
oFshx|XIt:. AGEsoll 2Jgk ROSE] @43t A AT whes oIshAA Hsdh

i
=
B A

F il

rﬁ

i
Fl

<7F8kaL proteoglycan®] A2 7143}
ol S23 Aglele] ofe] g7
ZHeh= Bo= d#A T

PP‘

2~ [e]
=3E

rﬂ

o] ECM polymerization, expansion=-

r 5

M
Nl

Protein kinase C (PKC)

ook A Z iﬁﬂiﬂﬁ] ZollA PKC7F 523k 93kS d1=t]| o|i= diacylglycerol (DAG)el &]ste] A3} a1, Ajxqt
oA AGES/RAGE A3l sl AlXY Z el S7Ishar 2443} phospholipase Coll &Jsle] 443} Hrh. PKCe}
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Table 2. Wl FE mAbA 5 Al A el NsdEdEddt ¢844

Mesangial cells are source of
glomerular structure and matrix compounds
collagen IV*
fibronectin®
hyaluronan®
MMP2, MMP7, MMP9, TIMP-1%
a actinin 1 and 4%
Vasoactive agents
cyclooxygenase, epoxygenase, and lipoxygenase products®
NO?
HETE?
growth factors
PDGF?
CCN2/CTGF*
VEGF?*
TGF—-p1*
FGF-1°
FGF-2?
cytokines
ILs*
osteopontin
chemokines
CXCL1, CXCL5, CXCL8, CXCL10, CCL2, CCL3, CCL5®
complement system
complement factor D*
PTX3 (long pentraxin)?®
Receptors expressed by mesangial cells (and their respective ligands) for
vasoactive agents
prostaglandin E2 receptor subtypes E1, E3, and E4 (prostaglandin E2 and I2)
prostacyclin receptor IP (prostacyclin)
adenosine A(2B) receptor (adenosine)
ANP type A receptor (atrial natriuretic peptide)?
ANP type B receptor (brain natriuretic peptide)®
ATIR (angiotensin II)*
vasopressin V(1la) receptor (vasopressin)
endothelin ETB receptor (endothelin)a
al adrenergic receptor (norepinephrine)
growth factor receptors
TGF—BR (activated by TGF@ and BMP7)
PDGF—RB (PDGF—-B/-D)a
EGF—R (EGF)a
hepatocyte growth factor receptor (HGF)a
CTGF-R (CTGF)
FGF—-R* (FGF)
adhesion molecules
B1 integrins (collagen I and IV)
av B3 integrin (osteopontin)
CD44 (hyaluronan)a
ICAM-1%
vitronectin®
thrombospondin®
cytokine receptors
cytokine receptors (TNFR, ILR, IFNyR)?*
Fnl14/TWEAK receptor (TNF like weak inducer of apoptosis)?®
chemokine receptors
chemokine receptors CCR1, CCR7, CXCR3?*
Toll—like receptors
TLR—-3 (viral nucleic acids)®
TLR—4 (LPS)*
TLR—2 (bacterial liporoteins)
other receptors
Fc—receptor (immune complexes)
mannose receptor®
transferrrin receptor/CD71 (transferrin)®
sphingosine—1—phosphate receptor (S1P)
AGE receptors

AGE, advanced glycation end products; BMP, bone morphogenic protein; FGF,

cellular adhesion molecule; MMP, matrix metalloproteinase; NO, nitric oxide;

inase
Schlondorff D and Banas B. J Am Soc Nephrol. 2009 Jun;20(6):1179—87
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fibroblast growth factor;

ICAM,

intra-

TIMP, tissue inhibitor of metalloprote-



DAGY] 71791 B8 A= AzAGA AN Faslth PKCE wlibAe A8 ofye} e Aol s E43}ste] NO 34
S A5kA7)2 endothelin—19} vascular endothelial growth factor (VEGF) #3& Z/MNAA dF=z JAFAd)
FS WHA ECM olEde] 48 Z74A70t) 3 NF—«B9t PAI-1 @2 NADPH AHlskgiukgo] )3k ROSAIA]
oJale] tl% EAdshEt). webx PKCE theFeh MEAAl 717dell ofate] SAdske]al flAbAg Ak &43713dA Sa%k A8
Fises

to 2

TGF—B1

2ol A58 AGEs9} PKC ]9l ROS, DAG, hexoxamine s TGF-B1 ALAAE &43} A7tk A4 TGF-B
1& ECM HHo| #ojsl= diEd FoA 7P 583 522 484 i, o]+ angiotensin 119} thromboxan, endo-
thelin, XA AlFE2] F7]122Ql stretch, relaxa‘mon#J Aol ot = FA3} frk TGF—B1S A28 S=8-Ao 2%
3l Smad2, Smad39} A3l target gene?l 44l fibronectin, PAI—1, Jun—B, c—June%9 ¥de x4dsitl 1
¥rgo| 23ty Smad ATHALAAZF Bt o]9]ol extracellular signal regulated kinases 1/2 (ERKs1/2)<}
c—Jun N-—terminal kinase/stress—activated protein kinases (JNK/SAPK)®} p38MAP kinase %9 mitogen
activated protein kinases (MAPKs) HEAAE 43 o] TGF-B1 &S ZV/WN 7|4 ol AP—-13 22 #Ael
A= 531 target gene?] WEHS TV ZA IEEHO] o TGF-BR1 EAste] AEAEAAlNA Smad—MAPK
He] I Fasitial & 4 vk T O 54 IR CTGE S TGF—B1el ojgte] EAske]=t] Smad$} CTGF
A A transcription enhancer factor (TEF)S] #AI7} S 4 oy, G 259 wlakA]g Al3xEe] &47| oA ECM
TS =] W Aeste] TGF—B1 ASHEAAE ov| wol A7t AN vhdst NS ADA A S} Haste] B2 5
o] AR ol 3l

Reactive oxygen species (ROS)

ROS+= HellA A58k oL b=l ogk mabAl R Al EA71HE B FoirTed s of, AlEts e
ROSZ+% superoxide anion (Oz ), H202, hydroxyl radical, peroxynitrite 5°] L ©o]E2] 4k} AL cyto-
plasmic Cu/Zn superoxide (Cu/ZnSOD)¢} wEZE==2]o} manganese SOD (MnSOD), heme oxygenese—1 (HO-—
1) &% &2 &hol oste] fAHTh giFdte] ROSE WEFZE=g o} wola Aks} Qlikst 78 Fof] A¥ekA"t NADPH—
oxidase systemolAx= w33t NADPH-oxidaseol] 2Jdle] PAE= ROSE AXETE] flavocytochrome b558 (gp91
PhoXol p29oPh¥e] heterodimer) @t TRFEE AEAU @l p47P™* pe7" % p40”*, GTP—binding protein, p2lrac¥}
Askst Ay} o)A}t n¥EET Aol 9l AGEs, PKC, DAG, IP—3 (inositol 1,4,5—trophosphate), TGF—{1,
cyclo—oxygenase (COX) pathwaysol 93] NADPH oxidase”} @43}E o] wAbx|e AE &4 717o] ¢S 2443t &
=

Renin—angiotensin—aldosterone system (RAAS)

AXEY FANAME AAAY AUz Exgo] WAslaL, FA AXEA el tisiA Al 7o) wizkelAl vt
53t A HAAE Ao widieh SA1S ZEgit) o] § «] ot 71 dejA A gon) dHE 2 g &4
71Heg AuEa Qt) o714 angiotensin 119 AIAA] 9]— sto] 93P TGF—B1, CTGF, IL—6, monocyte

chemotactic protein—1 (MCP—1), VEGF %°| 33l ECMS &2A71t}. angiotensin I1& B3k AGE/RAGEZ}-&-
o 93k ROS AAo = Fodlt}. HZol|= angiotensin 119} SHA o2 WAEA|S A|FEoA49] aldosterone®|t} renin® 2

HAel AN AE BuEa gy AR wA1]L AlZo|A] aldosterone A=l ¢Jsle] TGF—B1, CTGF, MCP—-1, &
As el SV Ae Elskel=dl o] NF—«B pathway & &3t 2SItk thE ATolx= glucose A=l 23sh
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o] wlikAl% M3 (pro)renin—receptor (PRR) 2do] F7kal IL-1B9} cycloxygenase (COX), NF—«kB path-
ways Eole] A3y = go] FAEdnt o9 non—ACE pathway®] Chymase, angiotensin converting enzyme
2 (ACE2), angiotensin receptor 4 (AT4R), angiotensinl—7 S°] TuHA AlF9 &£A7]7ld Fofsitl= Y&ER
Hi =]k

Phenotypic transition and fibrosis

v

T AT 37104 /‘V\}?Zﬂﬂ Al ARslee] A0s AW uf AlxEzke] FAwstel gk AT 8Ee
BauE vl ok AlE7Re] Hepdsle T SRE WARE AlES] Myofibroblast transdifferentiation (MFT)} AA w3
MEL} ZA|FEoA doji}= Epithelial mesenchymal transition (EMT)o2 EFEC wHAKKS A¥7F ¥ 2=
oo} oAe7EA] A fAEstel Belals oS e BdEe] sk 1 An AE Yol vE ECM =4S EHlshar A4
s AlEE W= Aoltk. TGF—B1, CTGF, angiotensin II, fibroblast growth factor (FGF) &o] o]o| #efghiar
A ook o Ao Axa EkE wikR]e ¥+ a—smooth muscle actin (a—SMA), Z&F4, fibronectins &2
& R HaL o2& ThE AlAREelA frelgh MEE AEE fr1A R fAlste] die] BAe] dojus] Hrt (Fig. 3).

F

l

Fl

GTP—binding protein

GTP-binding proteino] #3jr+= =o] °LE%Z% A oy} uFEY ol oFle] EA3lEE £ GTPEE Rasg}
Rho family ¢} #¥ AFEc|th AR A5 ATE AZURE dIstomy Mz $24, 4%, FdHE ol #ogith 7
A Ao Ras9t Rhot Ras/Raf/MEK pathway 5°¢] ¢## th Rho GTPase—induced SAPK/INK kinasest
cAMP—-responsive element binding protein (CREB)S @43} AlA ECM wilrelS VA 7IY. 3 A 215
A cell cycle protein?! cyclin, cyclin—dependent kinases (CDK) 59| 7+249} o]5¢] o442l CDIs& Cip/Kip (p21°*',
p27"), INK4/ARF (p16™', p14*) 9] Wl F7H= Ras/Rho BAste}t §71 vlibAle A F23) #Hde] ek

TGFf, ANG I
ET-1, shear stress

} e
I -

C—-—"'_F.-‘_"""
HGF
|n12::;:;ﬁlraulr\:$:]s! BMP-7 Myaofibroblast
BMDC ACEI
9-cis-RA
TGFfi, ANG Il
ET-1, FGF-2, AGEs
LA i "'
0] mE—
T
Myofibroblas
um:mlla:mls HGF Iibr:blast-hkn cloll
BMP-7
ACEI

Fig. 3. @i A 259 &4 7] dolA Al FA -3 Simonson
MS: Kidney Int. 2007 May;71(9):846—54.
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