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T 7ot e 83 T AeA4E BAU F4
SEch 2447 adhiz A¥Ee 1dA RE 20Y
AAA v FARAo™ SEWPHAE sulfosali-
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BRE A% g A3 HEsio

1. 580|245 2 % PCNAO Chet oy
ZE|sEtAM

Had AHZAE 10% 34 293 uAs}
31 g5d ¥ ARAHE AA gty Tojg AN
¥ 2-4pme ¥WAEBE TSl hematoxylin B
eosin® Yoo we} MassonX trichrome, perio-
dic acid-Schiff ¥ silver ¥4& 3ch PCNA
2HE BY] A% Wz 93 Yatata)
£ PCNA(monoclonal antibody PC10, Novoco-
stra Lab, UK)& 1:5000.2 8Alala] Aba43c
=gy go8 uysiy gebd Tojg A%z
S 4pum FAZ et &eloluo Risie] duietm
I} gFE AYe F AY dees AF dgsin
HEET 30% He0.8 9:12 £%3 follo 3087+
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Solol =2 5 584 23 Mgl 2% 30419
YaEAE ZAHH Yol 1 FAE He g 37
ToAAM 2412 Ttk AlE F o]xkakA(biotinylated
anti-mouse, anti-rat and anti-goat immunoglo-
DAKO LSAB, USA)$® Streptavidine
peroxidase conjugated(DAKQO, USA)E =z dH
Aol HFF & F 77 A2oA 2087 wesky
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Dupont tielej#= Z& R aste] 3)wW4(40-60
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2+ A& A A3t Hitachi H-600 $3AAdAR Ao
2 g
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E 2% O0sOs8Hel 2A FAHAZ F At
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TR L HE FAHA FHE AA uranyl
acetate®} lead citrate® ©|FHAGHL HAF ¥
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o H
1. 24A12 2B U Tk Hs}

HE2F BF9 2473 2WFL YT 12231267
miRes AYPTAME 1YAREH okhy s
A Ztate] 3YA 4.89+121mlE2 HA X =F F
thAl 271817 Alzbste] 1095 20.25+3.24mlE H
12 F7hsldeh 204A s 14.523.35mlE d=E
3 vxdA =HJch 2443 8L g2FEL 11.0
£27mgol%len AYTAME 3¢ ¥ 79A 2
Z718t71 Azsle] 1094 293.0+439mgo.2 1
Aol g¥ F oA o4 Pasd 20YAelE
146.0£30.7mg & YEHATH Tablel).

2. PCNA BIY{EX|sjaioM 4AH

PCNAd] dAd AZzAe Beigna]3e 4004
Aotz @@t Mo AF 29 APol g o
PCNA %4 Z¥EAEZZ @Ssey ALFA 3070
N FgMEL] & Mo HFL Ut PCNAY

Table 1. Changes of Urine Volume, Urinary Protein Excretion and the Number of PCNA Positive
Cells in Puromycin Aminonucleoside Induced Nephritis

Urine volume

Urinary protein excretion

PCNA positive cells

(ml/day) (mg/day) (per glomerulus)

Control(n=7) 1223+2.67 11.0£27 1.06x0.32
Experimental

Day 1(n=4) 10.88£2.61 80% 14 1.34+0.58

3(n=4) 489+1.21° 180+ 3.7 1.18+0.51

7(n=4) 17.00+4.42 192.0+53.7° 3.09+0.46°

10(n=4) 20.25+3.24° 293.0+439" 1.29+054

13(n=4) 14.30+3.01 185.0+£24.1° 1.31+051

16(n=4) 17851+4.25 211.0+40.1° 1.89+027"

20(n=4) 1450%+3.35 146.0+30.7° 3.33+0.39

PCNA : Proliferating cell nuclear antigen, *: P<0.05 compared with control
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Fig. 1. Immunostainings for PCNA. (a) Control rat, No PCNA positive cells are seen in the
glomerulus( X200). (b) day 3, PCNA positive cell is found outside the capillary loop
and parietal epithelial celll X200). (c¢) day 5, three or four PCNA positive cells are

found( xX200). (d) day 20, there are numerous PCNA positive cells in the glomerulus
(x200).
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Aol A HAEES gFE AMTA ZEAER BlgE
o] ZAEZ AZHAAE Fd AN4HUNFig.
1). PCNA 4AHAHXEe Fv dzTdAe HT 1.06
03270 EA=ERen ATl e 7AA 3.09+
0.4671, 164 =l 1.89+0.2771 ¥ 20¥# 3.33+0.39
N2 iz v FostAl F7HEATHP<0.05)
(Table 1).

Fo2 A ATA ANAY R A Ee] W —

3. Rt ¥ FARHXIHOAY 2H

AYFolM 1dA th=A(Fig. 2, 9ol vls] Z4
Eo] MEAe Ag EF:A WY UU: FHUGE7)
(foot process)® & T[EE A Askch 3 U ol
T EARY FYEVY 8L 20A AdEA 4%
ov ZAEY MEAS g T #EREHJD
(Fig. 5) YA vAgE 2 vyHgier} a3

Fig. 2. Scanning electron micrograph of glomerulus in control rat. Glomerular capillaries are cut in
various directions. The nuclear portions of endothelial cells occasionally bulge into the
capillary lumen. On the outside of the capillary wall the round cell bodies of podocytes (p)

and their processes are attached( X2,300).

Fig. 3 Scanning electron micrograph of glomerulus in experimental rat on day 16. The capillary walls
are covered by fused podocytes (p) which show fibrillar structures on the outer surface

(arrows)( X27,500).

Fig. 4. Transmission electron micrograph of glomerulus in control rat. The basement membrane and
covering foot processes are well preserved( X 28,900).
Fig. 5. Experimental rat on day 3 There are increased numbers of lysosomes (Ly) in the cytoplasm

of the podocyte( X 13,600).
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g71% gk 7¢, 104 2 13dAdE FAR &
AL Bgoey EYEV7 AstA FRHUR LS
o] 27} 2 MEae Fx3 ANT BFEHUHFig.
6-8, 10). 2831 UYF AT ZIFE7E 7IA
o2 By ggggdd. 1694 FREVE AN
F&so] AT AERC FxEd 2 ASEA
Wty BaAEQovHFig. 3, 11) 13¥9#e] W3l
vla] 4§ Hollon YReME RM¥HA FFE
719 wre SRHUDL ¥ AME AR Hole &
AE FREHUHFig. 9). 20 A dFoA g
A% 7t dol UKoy oiRrEe A= FA
I} FAE 238 B

4. 80|12 F99 Ha 2A

BEFAAY Lol Hee F2 7IALES ug
B2xsged 1A% FdME 1AL & ]amina
rara externa)dlE PEI At =Z7|7t wiud A9
FHHog ¥EHHL, 7I1H% WEB(lamina rara
interna)ls 4Ae] Zvle 1A 9EF@e IR
vy BAAHo 2 EEFAUANFig. 12). FAX
9] E¥o%= ME9g we PEI a7t &8
AYTZAAM 1A A BEE oA FAE 9 714
ghol] golgo| EAFYN EYE WETH A2 u
%819 tHFig. 13). 39Adle FAXN §8E ¥4

Fig. 6. Experimental rat on day 7. The foot processes are markedly fused( x17,000).

Fig. 7. Experimental rat on day 7. Large cystic vacuoles(V) are seen in the cytoplasm of the podo-
cyte( X 10,200).

Fig. 8. Experimental rat on day 10. The cytoplasm of the podocyte shows villous formation( X 13,600).

Fig. 9. Experimental rat on day 16. Half of the foot processes in the capillary are recovered( X8,500).
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o ARA Lol R BRsiA REsAY
A7 AAH AATHFig. 14, 15). 23 fRrEe
FHAE} §HE FHAY mAgISNES) gle B9
ZIATel s Fol2 299 Wiyt #EFHA gsio
(Fig. 16, 17). ©] A% ZAX BEHY SolL R
AL AU 7Aool 9= UEy 3
AR 248 FAEHOY ¥ ZHEIL Mg
E5H g ol golo] A4=HY YU
(Fig. 18). 109 % 13¥# <] Lol219je] H3x 7
dA ) A7 FAFEAD 16UAQ] Lol 299

B3e 233 FABIRoY @2 2HE7} 7)Aete
2RH €3d Fol BEHJYOY AL gt
209Ae] gold Rl hRE AT SAbsA @
FH AN (Fig. 19).

i &
Puromycin aminonucleoside(PAN)e] <& &

g AT AR vde Ay mivsy Az
F2o} 24 U ATARHET b fAre

Fig. 10. Experimental rat on day 16. The podocytes (p) show foot process fusion and numerous

fibrillar structures(arrows)( X5,100).

Fig. 11. Experimental rat on day 16, Fine fibrillary structures of the podocytes are irregularly

bridged( x5,100).

Fig. 12. Control rat incubated in PEL There are regular array of anionic sites(arrow) in the lamina

rara externa( X 14,420).

Fig. 13. Experimental rat on day 1. The anionic sites(arrows) of the basement membrane and epithe-
lial surface are relatively well preserved( X28,900)
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Aoz gEA It PAN #1 AgdA 2R
ZAE W3le 7jHe tlg A¥3H =9 £ passive
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% &4ato] ofbd EFA T HyEgoz dsiA 3l
o}, PANo) 23] ZaHe diins FAX &402
gk 7)Aute] Ea4 el 93 Aoz FHHR
Adou® el ojmd HalFesy Mo A
Wb e dEME ol¥E HEE] A
AA @rh HesHez & dein Y AT W
e ATAHEAAN B 53 ZFE7IY §EF

rir

- e

Fig. 14. Experimental rat on day 10. There is focal disarray of anionic sites(arrow heads) z'n. the

ZAEY AEAW FEHAY| EFHAHY Aoz ¢4
A gt BAZAME 0@ AT I s
9tk PAN Ro¥F zdse dlln 9 4342
Azlo] Fa) FAoE Gulxe] 93] olAHoz F
M) &4o] utnx dARoU, Ryan SV &
Byl WA oM £PE7Y FH TS a4
o] BUAFA WA dolds HF oly TB¥llnE
ZA x| 2 4oz Az olaHo g AR
DR A H Ak

Pore 7M4¢] Poppenheimer®el] <& 4 A

basement membrane under the fused foot processes( X25,500).

Fig. 15. Experimental rat on day 13 There is focal loss of anionic sites(arrow heads) in the basement
membrane under the fused foot processes( X28,900)

Fig. 16. Experimental rat on day 7. The anionic sites(arrows) of the basement membrane in the
lamina rara externa and epithelial surface are not changed. The podocyte shows increased

numbers of lysosomes(Ly)( X25,500).

Fig. 17. Experimental rat on day 3. The anionic sites(arrows) of the basement membrane under the
microfilaments(Mf) are not changed( X28,900).
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€ olzl gHstel WEst dln WA oW A
g Aojetn A=) ghon oA B/ ge Ay
H AZ7E AU HEP . gy olgie st
Hale] g ATEL BE5F 2 At A A 4%
o 2RE GAE 2ol R A R o
BHEat Ayo] ALEE gl A2z EA ol
NJste Aoz AZETP. A Lole reE
G437l A 22X EE PEL Ruthenium red,
Alcian blue, Safranin-O, Cuprolinic blue 5] A}
45 glen] o] AAAELS dA4E Fol2 29
o gt 4z d2A dehds, 2434 ZAA0 2

Fig. 18 Experimental rat on day 7. There is a
complete loss(arrow heads) of anionic
sites in the basement membrane under
the epithelial detachment( x25500).

Fig. 19. Experimental rat on day 20. Most of the
anionic sites(arrows) in the basement
membrane are recovered( x25500).
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Aok BHY BA A Hoz WoAYP, o)y
g ATEE B ATA ZAEDAA Asae g
24 FAX BHY EAsle gL 2AFE
A Bode JAqge EAste ol Mol gL
2% e vAgE Aol LAAA HUY B
AHE T3 SAEANY gole RYe FAxr
ZIAe A g2E 4t old HR 2YE7)9
%ol AvAE dFE FAHD ALY, FHE7}
ZIA A ggE Agoe FHE o oz v
etz e gol2E o] AAHUY uetd 4y
AE ERAY Fol29] W3le A Toxe M} o
T EMEHY FHstAHe & JFL njxA 2¥
Aoz Aztgch Zev Fol2 299 wzle o3l
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2 AFEEI ARAHY AdE dlxrt A
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71Aete] Lol AA9 AHxel A@Zol E¥xrt
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2 AgdM AHHAE FFEVY g3 43R
AU AYE AL RedMEe Sol H9e W
371 ey d@lne o] AZldE A&HIL U
t}. oj9} L AMAE Washizawa 2] mAws}
Yy NFE TN B Fo] AEYo] A&Holx] ¢gn
71Agte] EAlo] By Afoe fol& 2o ¢
A AR BXE Fstn d¥x dA 24H7|E §
U, Mzo] B3 AMshdo) vAAAAY widd &
Al 71%& dslx £¥ v 45y 44e 8™
2 @lnrt 2AE 7HeAde] Ade 4277 dX
ok £9E717 §81E 299 d¥E9 A
U Hxde ol FAHez wjdHe] AUAT
YRME Jo]2 297l ERFA wdE =
FRE A o2 Jo) 29 H|FHAAH wjde] T
o} ojdl #AN YEAE obF BHx gon ¥
o ApFolol & Aoz Az duinrl A
TdARE Uehd &7 F Bo|¢ AL V|AHezR
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Lo]2 e YA AAHYeH g3y AYAEY A
ZAAME MEZ] HF2 s &o)Lo] 24H
AUk ol EME o] 4§ 71AY ol
o] 242 s gHgde] 27302 wxrt oy
w7t BAHEE Ao gAA

ol H9o duinsole] AL E AYES T
AY 27 AYAX AEA ¥l & TIFEVY
£l Arivax 1 oo AT Fol& FH9 W
e RE JBHA Ga FAHAX Az EA)
3= PEI YALEE di¥¥ ¥l den £ o
A7l dullxE o] AER @ch wekA A
= Z2YE7Y 48 ANE S¥x AT Y gA
7} glg Aoz AZEdg gy foled EFAH
J wigz AN chlnrt FAHEAE goz 9wy
Aok & A2 At olut: AzYn Pz R
olul7) o3¢ AWatA2 e ALEC] AEAHA @
g HAATAY EE HEEo] 42 BFHox

HAAAQL HEE A EHAAHA 715E LHEA
Eoto] diinrt LSt Aoz 3 B £ 9
ok

B AYe B3 I dexme 2y AH
AT AEY &4 22 A3 xS AFFEAH 1A
o] go]2 R W3 o yopriME gol2 ¥
flo] A4 FHE #BAZ S Rez AZdr
olgjg AFFAZIAT o] R &4 AYARE
o} &4 vHE Aoz F2Hu, JuNE EJE
719 A g TYATIRA] FAT FSE
719 o] ¥ FF JIHY go|2 H99 &4
TG AY Relmz ol AT Zol&RY B
37 il E Yoy oz FEHr

gdutzyez AES FHZE Y £ Y WY
22% (1) Tritiated thymidine& ©]£3% z7}uA}
7]i'§(autoradiography)29), (2) Flow cytometric
analysis®, (3) MEF7)d] Solg ¥ & YAE
olg% Wz 4% 23 (4) Bromo-
deoxyuridine 2% ¥ anti-Brdu A& o] &% o
4zA$E? § <277t U9 Thymidined
o] 4% WL thymidine BiYA] AMalz o} 9}
v 23 & ol &l 3 E WAMA xEHE &4
4 Fol 9ok 282 Brdu®t % Brdu FAYPE o
H dAdLe goy A Adstn Aolgls ZFo)
BR3lt Flow cytometrys E} 3ol vldie 9
o] gou Eig =Fo] Waslnz FAld #Hg
Z2HU #ALE ¥ F 3, = )7L 2lely
wie] B T EAUE Ak eld wlEe @Y
ZA P e FAAQ BH=APAL g AP ¢
AL Y29 PHE 22 /AT A etHEee
BAE BT F de AHo] AUtk PCNAA 2%
g zAyhg> Ve zadide Yt et
Folg AL o8 4 Jomz FPAU Hit:
7Vs3lith. PCNAE AXF 7l F 48§ 3t o
A9 3UEA PCNAC d§ AHzA3eA I
AFY ZABEAN HAEFA HEZ9 XFHo|
gk A A,

2Z7HA 9 8 B ZARAA {FAIEHe] #
FHAtte R A9 gloy AR FH9 7te
Aol WY HIE F3 =8 Aot} zrpwat
712 L o] 8T e FEAYPNMN FAHEE HAER

- 862 -



— Chan Oh Choi, et al. : Morphological Changes in Glomerular Epithelial Cells and Basement
Membranes in Puromycin Aminonucleoside Induced Nephropathy —

dg 3R wE ez 9EA P AETYH F
ANE H2) S3 FAHRLE AY g 1= 2

g Axz 7Fse g gy ARA &4 d
*H‘Liﬂ DAAE R HAHES] FAo] dojg F ¢
Zo) ZAE EH FHo] Yojd AL A £
glom HI Floege 5’0l PHN EdolA FAXo)
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Morphological Changes in Glomerular
Epithelial Cells and Basement
Membranes in Puromycin
Aminonucleoside Induced Nephropathy

Chan Oh Choi, M.D., Hyun Chul Kim, M.D.
and Kwan Kyu Park, M.D.

Department of Internal Medicine and Pathology",
Keimyung University

Puromycin aminonucleoside(PAN) nephropathy was
induced in a group of Sprague-Dawley rat by a
single dose of intraperitoneal injection to study an
ultrastructural alteration of glomerular anionic sites
by stain with polyethyleneimine(PEl) as a cationic
probe and to examine whether proliferation of podo-
cytes occur by immunohistochemical stain for proli-
ferating cell nuclear antigen(PCNA).

The experimental rats developed proteinuria three
days after PAN injection. Electron microscopic stu-
dies of glomeruli showed the loss of epithelial foot
processes, formation of cytoplasmic vacuoles, micro-
villous formation and increased numbers of lyso-
somes in the cytoplasm of podocytes. PEI method
seems to selectively stain heparan sulfate proteogly-
can in basement membrane and has been widely
used to evaluate the changes of basement membrane
in human disease as well as in experimental work.

The anionic sites on the basement membrane with
foot process fusion were mostly indistinguishable
from those seen in control rats, but focal areas of
loss or disarray of anionic sites were noted. The
anionic sites were not seen on the basement mem-
brane where the overlying epithelium was detached.

It is strongly suggested that proteinuria in PAN
nephrosis may be primarily due to a glomerular
epithelial lesion, leading to focal disarray of anionic
sites or focal defects in the epithelial covering of the
basement membrane. The loss of anionic sites in the
basement membrane may be resulted partially from
the foot process fusion and mostly from the epithe-
lial detachment. The increased numbers of PCNA
positive cells after the injection of PAN is sugges-
tive of possibility of podocytic proliferation or rege-
neration.

Key Words : Puromycin, Ultrastructural, Amino-
nucleoside, PCNA
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