AHAEr A A14E A3 E 1995

APH IgA Sl B 20Jy 47

e LLEEELLE BLESEEL Ry
plg - HEF - AEE”
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IgA A¥FTL EA ¥4 AA F8F 244
Hoz 7hg WEst e AP A AY 9y
Hog wEEE ¥ng ERoz sy HIAHPHA
A AP A HE (mesangium)el IgAd IAFS EAo
2 3 FEBolth 19683 BergergVo] o] A@e
e 2ag ol Bd 44d ¢ Bty A3t 2
o} gor} ofFx o] AFe] L7 A BatAN
= A8 WHA UA Yom oA gAF IgA ¥
JugAe 447, gAY =T F9 3719, IgA
Eolq oA T-HEe BHE 72", IgA FHA
Z271®, qgauyTe] eeAs® ' agn Ay
A o4 715V el el Euda gt
a8y BegBHAle) 2 dagHAAHEE HEe
o] 43 IgA e @A¥W z e uz o2y 23
o] A&y d ¢ A3 Ao it AAg 7)HL o
Z oA QA goigts o] Fgho] WA EFA Y o
3) ti7isls Fdgolzte AMAE AlALERR Sith

HoE o] e AAHNAH 2SN B3
o8] Az Be d77t olFoA Kt ol A+
Z 8% 2R = WEEFA Y Wus 1 29t
AT ke WO N AlgAZrA L5
g AFAZER e Al (mesangial interposition)® ®
Zoln ZuoAlE LeeE ol o3 1989 B1d
ulrl Ak EE IgA AWFY Fa3 B F9
el &¢t 2 o33 dxe ApA 749y RE
el st} BALA®® 2o s Telre 2ol
2ol 24%3 B vte Ruvt glon, £ ¥
Hoze AFAHEY HAYF o] el U] ©
= wag gof?

A}7A MY Lol BT Z|HTY EAE=
heparan sulfate’} $%3 proteoglycan® JHH X

Edo ZA5H= sialoprotein 2 T2 9lon®
Bolg Lol B ¥PTWI Exte] AL7A o
of tha) AEHl Hapggom HRIFHP, gole
HH9 24e JAdA vlasty AFFF 2 Ad
4 AFFFAM BaHn gon®® Ao suy o
AT A9 4 1gA AEFVdME RosT 9ok

IgA AHFE FEA71e 248 B ¢
AA DG IgA AHFY] FAV|H B SMHEA
7128 & o] Bng” Pl QAT o}y wE2d
AHA Byo] AAHI gUA 4L PAolth

olo] MAl A7igt £HH AAE 7|22 gt A
FHollA IgA AHFE FEAI A, 2 =23 A
& #astn d99% ¥ SRR AAANE §8
IgAS e st AMpAE 9 7)A %] &0
Feiety 27w fol2 99 ¥sE FFs nux
£ AES Agssch

CHat 3 Wy

1. 48 S8

A% 6539 AF: o 20~30g¥+= ICR AF 721}
& tixT 2 487y ASE AT

2T A2 eo|rkg Fod F(12v)E)

A¥F 1:Bovine gamma globulin(BGG)& 7
T 5o g Z(30vhe])

AYE O Lojujn] AWAE HF Fof g F(30
ukg])

BGGE A% Iml 9 Img BE2 Ao vid 43
ANZ o, Aoluin] AWM (Polyoral, F4A Y, H&)
2 43 02mi¥ A¥ A 1ol AT R F A
41 2 719 F712 BF T3k

BGG 5ol ¢ Aojoiy] AN BoAF BF A
40, 70 2 100 Al e 2 n}H3 ERE AT

ohe A%e Azadn
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BGG FoT ¥ Aot Aud FoF 2T A
40, 70 % 10045 dH2npHsle] BRE HAT
o AFE HEsch

1) HSE0[ZE BE: HE2d AE=2EE 10%
FA4 XETd nAn 2% F ARAHE AA
Hay Tojg AN F 2~4pme ¥HEHE 9E
o] hematoxylin & eosin®} HQel wzl Masson
trichrome, periodic acid-Schiff % silverg4< 3
o Betgulg oz AAst

2) HYYUNASN BE: 5gdF¥gzd HA
st AREAS FA] FHs FHHEAVIR 2~
pm FAZ vhdste FrFd dz:ATm Uiket
d(phosphate buffered saline, PBS, pH 7.4)2
A F isothiocyanate
(FITC) goat anti-mouse IgA(Biodesign, U.S.A.)
E AFR3lo] AbAle] IgA 3 Leitz-Diaplan
(Leitz, Germany) BH¥E3dv]F g A3

3) FMXHOIHE A FAxAEn| PR
AzE AFz" UL Imm’e FV)E A}
2.5% glutaraldehyde#<(0.1 M phosphate buffer,
pH 74)22 1~4TolA 242 A 23E 3t 01
M PBSE A3AF 3 1% 0s0.894 247 234
£ ANgln g gFgAoz Mz ALY
2 95314} Propylene oxide2 &3k & Luft¥
H9e) o% epon EFEEZ Eujsle] 37Tl 12417,
45T 12A17F 60Tl 48X+ & wAlsld 3%
2 Azt EoE 2AE& lpgm FAR $Esio
toluidine blue@¥-& 3t ## B8 AAH oh&
288 S Sorvall MT 50008 Zutd7]o] Dupont
tololg = Zg Hasle] WA (40~60 mm)e T
HAAae Yehe x9dHE dojA gridel &3
Watson® 2 Reynolds®d™el 9%  uranyl
acetate} lead citrate2 olFHAGM L HAFHA
Hitachi H-600 Fa#pd#tgn|d s d3at

4) 80|12 SQITHE : Okada$™e] wel wa}
05mm’s  Adg AFEAL 1~-4TAM 85%
sucroseE ¥3§8lE 05% polyethyleneimine(PED)
#9(Sigma, US.A., pH 749 3027 22 ¥ 9
Al 85% sucrose® ¥R 0.1 M cacodylate &
Z4d4(pH 74)°1 1087428 33 AA&r 85%

sucrose® 38l 2% phosphotungstic acid-

it

w

hu o

AL fluorescein

0.1% glutaraldehyde &4 (pH 7.4)° 1A17 <
92 thd A 0.1 M cacodylate ¢E-£dd] 108
33 AFEHE ol A2 01M
cadodylate ¢FEdo2 TE 2% O0sOs £ 24]
7 FIAAN F ALAREE EFA)7)T epon E
FEo Foist ¥ FpAAEniEY B2 AT T
29l }HE AF urany acetate$} lead citrate
o|FHAF Mg A F Hitachi H-600 Fapdzt
oG oz #asch

F-| )
1. FEHHO|IFY 2

AAYPHo|F A IgAZt HEAE BFHY] AP
AE ez & FAvEY AL QAR AFA
E 2 EFVAR] 71 FHE URe(Fig.
1, 2), IgA A5 d &3 #AHE crescent HA4 o]
Y AR At FAEHA gyt

2. HYHEAND|IAY AN

IgAo] tE BHIgFgyibdels BGG ¥ ¥ 40
d FelME 100 F 80k, 70¢ Tl E 109
% grte], 1009 FAAME 107He] =FA IgAel F
o] #BEol AA 30vkdF 2672 (86.7%) A
IgAe] Fzo] FHlHon, Aoluiu] YA Fo
F 40 M E 8utElF 6mie], 70¢ FelAE 10
ulglE 9], 100Y TlAME 67le] EFA IgA
Aol w0 A 24vielF 217)2)(87.5%) 90 A
IgA o] EJHIUT 6vlels HEF Argsigt
(Table 1). IgA9] A& P} F2 AFATEE F

Table 1. Glomerular IgA Deposits in Experi-
mental IgA Nephropathy Model of
Mice

40d 70d 100d Total
wN(%) n/N(%) n/N(%) n/N(%)

Group I 8/10(80) 8/10(80) 10/10(100) 26/30(86.7)
Group II 6/ 8(75) 9/10(90) 6/ 6( 90) 21/24(87.5)
d’ days,

n. number of positivity,

N: number of examination,

Group I: bovine gamma globulin,
Group II' polio vaccine
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Hoz AR (Fig. 3) AR 248 7|
Aoz #FHE ¢S eI Fig. 4).

3. FLEXE0EN 2H

R Eel ddA HA8gAE AALE B B
AbEA A (paramesangium)e] A ZLH A2 (Fig. 5),
aFANE ALrAzrE e 7| ATl AR EGAe] i
o] BAHAKFig. 6). EAETR 7Aoo HA
EgAE WgskFig. 7) 2 7142 (Fig. 8)o A3
Hcth WIAEE FE ATAREE €3 g B
AE Aoz A dojur] REoR Q¥ FTR
(fenestration)7t A} ZU4L HAUY(Fig. 9), 24
S AFAZEE e grErh dojurie B4
th(Fig. 10). AbFAZIEe W3l gagAxs 7
Ao Wzlz 7o gy BAT vyt Wzl
e g2o] xYFHIE Pa(Fig. 11), 712 &
2 sl A A5 AHT FAY =2AEBo ME
359 stz AR 27472 BRHANFig.
12). 71AZe BId=AY, 71AT Aol ALFAZHE
o] Aqlel BAHrI= HHon(Fig. 13, 14), A%
A% /AR S g1 e FAXY 2F5 A olF
ZAE7} 1A A ey, AT gholA 4
F A% BId57% s tiFig. 15, 16).

4. 80|2 ¥l WAHOIPY 2A

gz oA Y gl 9 ZIALE we £XH
=dl(Fig. 17), 7IAZL FAME 713242 & Ramina
rara externa)el= PEI ¢izle] Zr|7} wlzd =29
THHez ®BEHUR 7]HGUEH(amina rara
interna)ol= RN} Al Z|ARYEHY 1
vjgaht BEREdezn £Xxgeoen, Xd(lamina
densa)oll’= PEI 9=te) 2717} uwl$- 2| Abaisiol
AATHFig. 18). AFFAHEAY o2 e vf+
BERxdoz 7Aggle] BEs Ugch AdPTolA
o] Lol Helo B¥ WAHEEA s} HAEHA @2
2919l PEI ¢Uzl= 2T fAMSHA faEg B9
23ast AZ%g F94A49 PEI 4&te 71A% 2
AlEA A BRoA #AY adol BEEHIUFig.
19, 20).

il a

IgA ARFS @A 994 ATAES kel &
d MNAFogE AMAZHE A HIET B HE
o] syEA Ly] ARAF] FAF Wde] Ha 3
o] F@e HTE A9, AT wet £k B
nAl wal 15%M 43%74A1 Y i el
yehds o olfE AR #xbe) Mg Apo]H
o ® 05 m= olzzlel HAH o] HelH A
FHE Aoz Aztdol A9 AL EAdAMe &
AN Est Gom® nzel Qrjde]U® ofAlel ¢
ZoME ¢ e Aoz ®¥apz gt 2y
ol HmBE 72%AM 27.8%7HA a1 Jo?

AYH IgA AW BEME Rifais o] IgAst
AFA R AFAHE A HE SUdsgen, 1%
Isaacs$%c] Y2EY Fild(dextran sulfate) S
B0 FALEG AREAzRE Y] IgA HEE st
Ak 2y ol 2719 A¥EH AT I3
PR A% IgA FEHES EASES ¥ AAE 9uly
[gAAEZo2 Hrjde F2 dhgo] obd A Eoh
I%  EmancipatorE¥e]  ddET(ovalbumin),
bovine- 7 —globulin, horse spleen ferritins$ 3%
U AFFEAse Wdes Az AY 239 Al
FAZAY HIIARE AAs=F v e A
Hg A a2y AEH BAsFolv d@dRF
B8] W AlmH 3 gtk o2 TUF AEE
2 IgA AMFe flde|y 7dx gddE ¥dF9
ARG A7, [gAd4 FTT 9 3,
IgA SolAd A TAZS 4= A2, IgA 38
Ao 271°, dyaug el gA% A0 a2z
Avhia Al o475 5] JHdEY 2 J1xE F
2 9tk Imais®e ddY AFA d¥gol 715
E Eu4 AA IgA o] uHEE HIsiHA
o] MHE MHHOZ retrovirusd] ZHEH Huet
2 FmEgo| BT o2 QlF] oj o2 ALFA)
o IgA7t AFEAckn skt ol WA
4L tAE B Axe Az FHEF B9z
71% HE dlolgiay FYRRIYos FAE VY
BEAol &) xd®dz i ofd AHEF YU
FHEEA ¢e Aot A IgA A¥Fe F3

o~

A
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A ARNA F3] ARE A A Mool A&

Bl AR IgA HFo] BuHT: Yl o

e @AES Fdo FUd AT AGH HHe 2

Zoll o3 frEses oz AzHe I F IgA

AuEe] WEE F44 8] T FA IgAd

A&2oln FgHA A AglsA Jee Fa
¢jol gt

N
4
=
hal
2
9,
o
o
rir
Y
2 b

A% 27 WaHE oy
29} Fojgep® P B ET ol B 7o
W AFEAZEE 2 BATAZNEY] REEEA A
Fo] 90% ATl BRHT don] AAEIIEY
714 B3 F7tE A9t 2¥elth 20~30% AEd
Ae dost wdiael BaEden ok 10% A=
e Wolst ddiste] BEsn 1 B WEE
A 7|Azhy Aol BAHJ|E Fh Buxl
wete RAgRYeE B3] gons sy
A AE Umst A& 2 sjAmy Qo] @Es
Ao humpst 2L A9st AH4e BRHR] Fch
AFAREL &3] FEAAY 712 3, 2
dHgel 2HZo] FuEyIE &0 AN F
Z7t AT Al o8 $1Fo] 2= Ao) B
OB B AgdaE AR W=
HougHe Fe BEo|n 7|de] &9} tlEo]
ﬁﬂr{“ﬂi«l =% 9y wsp dgEged

3 AL gAdg AFADAL g3 A T
E*il§4~°l Az §EHE A9 fREAT o
ZA olglg AlAZEA e WstE ThE A A
ANATGe) BB PA sAY EE ofd WAXE
ZA4 AFANGeBRT BREHIE g olfolth
A BAZEe wWe), 23] U] ek 2
ALo] Alport A¥oZ YEsHs H384 Exol 2
A% e fAREIGD BussE sl wakd

r{

°¥ﬂ1 flr
L

IgA AMZolrMe dx £F ojgt FUF oM
olsE + gl& Aelth
HuE [gA AHEFY P 23 94 4a7eA

ot o Yle o}ﬁ uald Al Qo AR
;dzl% 5}_;}]7}. 6:1_\_1_‘,] t!Lng_} _47‘“7], %‘q_\: i_l_7]'
Qom 3] [gA A¥SFu AT C3 HF
o] e A% 90%AAM Fxrt gl B1HY]
T s o HEE s|He olHE B LA YA
oot ey AFEAI A BREFA e Aol U

W iyl & FetE Rl ERIMEE AFEAANEY
A vl Fad 98-S e AR deA dn
W3 Aol oEtE wAS FABAEY 42
3}%01] g3 ZYPHE FAUMAED 7] Ak
eicosanoids, interleukin-1E0] ARFA] 7|5 g8k

& Fol 48759 $E2 zYdvnE S, o
710 B% AT 7)doht Ei IgA A¥FEe ®
Aste] AuBATE FF o Asolol ¥ HA=2
AzZtE B AolA AdF3st 71A%e) B(gap)
£ 54 BR8E 270l JlEEH] AR HE4 Ws
£ WY 7|A%e Bol [gA A¥IA BuEs|E

o] slHte] ol ¥wmel s 7beA e dde
2 Azgn Qi® ™. s)Aee Kol zHe A9
o aie 71A ) grolAAY £l olalA Ei
2AYBAA AR =g Aol AgHyE @}

ol @ 14T B AWAE & YA E
os) EFHAYY £ dgde| BF9AY 2AEE

ddo] 2AH7E ok H o] Bof 2 AlA
71M=te] sgo] zAE o] HEBH FIATE FH
Af 22 HF4A9Y0 BowmannX #7tez W
Ao} crescent Aol HoiE »ux glow® ™
g2l Hxrl e FANA crescent FAol o &
rtue @ B AddA Al7A sARe] B
HEEA wstor} FAx 2o}t 7|A e mHEo
#EF o)z <d mrt 2YHUES 7HeAdel A

o AgeEe gy R 5
of A% wuln ¥ U o Wl AT A4l
e Aoz geA AFTT. IgA AWFTIM w
wel geloze AulAEe) FoiE T ATA |
Aute] s} & 7Hate] REHoS YolHAY, ¥
g 3o g8 52 53 A2 29 gde 4

AL FelFelA = FAX] RejRn FHH7=
HoP” 2 Aoz datdo|ZdelM AT 1A
o] Rt uf ghoba] sAEs 7] HAe ATl
#EEH FAe 2 Foe FAXE 7|HneR FH
g5l a2 & shs AR AlAbel Fa 9
Okadas™" & ‘a@as—wm A5 549} AFEA)
ol w99 wstets 4 dEE SRl
A3} 3 gote) BAE 71%8}%‘\4. A g
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= Abstract =

An Ultrastructural Study on the
Experimental IgA Nephropathy in Mice

Kwan Kyu Park, M.D., Jung Kyu Choi, M.D."
and Hyun Chul Kim, M.D."

Department of Pathology and Internal Medicine’
Keimyung University School of Medicine,
Taegu, Korea

IgA nephropathy was induced in a group of ICR
mice by oral administration of bovine gamma
globulin(BGG) and polio vaccine to clarify the
mechanism of immune complex deposits and hema-
turia morphologically.

The removed kidneys were investigated by light
microscopy, immunofluorescent microscopy and elec-
fron microscopy.

By direct immunofluorescence, IgA was detected
in 26 out of total 30(86.7%) in BGG group, and 21
out of 24(875%) in polio vaccine group. Ultras-
tructurally, electron dense deposits were noted in
mesangium, paramesangium, subendothelium and
intramembranous region. Extracellular destruction
was expressed as splitting, thinning, eventual rupture
of the basement membrane and mesangiolysis. It is
assumed that this ruptured basement membrane may
result in hematuria due to leakage of red blood cells.
The ultrastructural changes of endothelial cells are
edema, destruction of the fenestrated structure and
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detachment from the mesangial region. Therefore it
can be postulated that IgA immune complexes may
enter directly into mesangial matrix from capillary
lumina through these destructed endothelial cells.

The ultrastructural alterations of glomerular
anionic sites were studied using polyethyleneimine
(PED. Prominent common findings in the glomeruli
were few PEI particles in electron dense deposits in
the mesangial and subendothelial area and marked
reduction in glomerular anionic sites covered with
deposits. The absence of PEI perticle means loss of
anionic sites. So it is suggested that the loss of PEI
particle is closely related with change of
permeability of capillary basement membrane and
cause proteinuria.

Key Words :IgA nephropathy, Experimental IgA
nephropathy, Ultrastructural findings,
Anionic sites
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Fig.
Fig.
Fig.
Fig.

Fig.

Fig. 6. The deposits lie beneath the lamina densa of the glomerular basement membrane(GBM) of the
Fig.

Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
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. Experimental mouse. The glomerulus shows the diffuse mesangial enlargement by an increase of

cells and matrix(H&E, x200).

. Experimental mouse. The mesangial matrix is enlarged with mild increased cellularity(PAS x

200).

. Experimental mouse of immunofluorescence. IgA deposits are mainly in the mesangial and

paramesangial region( FITC anti~-mouse IgA, X200).

. Experimental mouse of immunofluorescence. The mesangial deposits of IgA are extending to

peripheral capillary wall(FITC anti-mouse IgA, xX200).

. Deposition of electron dense material is seen in mesangium and paramesangium(TEM, X8,500).

paramesangium and mesangium(TEM, x20,400).

Small amount of electron dense deposits is seen in the subendothelial region of the capillary
wall(TEM, X20,400).

8. Electron dense material is deposited in the middle of the basement membrane(TEM, X13,600).

9

10.

11

12.

13.

14.
15.

16.

Degeneration of endothelial cell results in lattice-like cytoplasmic folds near the mesangium
Electron dense deposits are also seen in the mesangium(TEM, X17,000).

Endothelial cell is edematous and shows destruction of fenestration. and detachment from th
mesangium(TEM, x20,400).

Electron dense deposits are seen in the mesangium and paramesangium. The nucleus of the
mesangial cell is pyknotic( TEM, X8,500).

The complete mesangiolysis is resulting in fusion of two separate capillary lumens(TEM, X
5,100).

The basement membrane of the capillary shows splitting and fusion of the foot processes of the
podocytes( TEM, x20,400).

Mesangial interposition in the peripheral capillary wall(TEM, X10,200).

The basement membrane shows thinning and impending rupture. The podocyte shows swelling
and detachment from the basement membrane(TEM, X13,600).

The basement membrane is ruptured and the foot processes of the podocyte are completely
detached(arrows) from the basement membrane(TEM, X20,400).

17. Control kidney incubgated in polyethyleneimine(PEl). A regular array of electron-dense

18

19.

20.

sites(arrows) is seen in the lamina rara externa(LRE) of the GBM(TEM, x28, 900).

Control kidney incubated in PEI. The LRE of the peripheral GBM has a regular array of
electron-dense anionic sites(arrows). Less regularly distributed sites(double arrow are present
within the lamina rara internal(LRI), and smaller sites are distributed randomly over the
lamina densa of the GBM(TEM, x25500).

Experimental group incubated in PEIL Alterations of the anions of the anionic sites are seen
in association with subendothelial deposits(asterisk). The number of anionic sites is markeldly
reduced in regions of subendothelial deposits(TEM, X25,500).

Experimental group incubated in PEI Anionic sites are also reduced in regions of mesangial
deposits(asterisk( TEM, X28,900).
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