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The Effects of Cyclosporine A on Minimal Change Nephrosis and
Focal Segmental Glomerulosclerosis Induced by Administration
of Puromycin Aminonucleoside in Rats

Sun Hee Sung, M.D.

Department of Pathology, College of -Medicine, Ewha Woman's University

Cyclosporine A(CsA) is known as a potent immunosupressive agent, and recently its supressive
effects of proteinuria in minimal change nephrotic syndrome, and other glomerular diseases have

been demonstrated. But the mechanism of supression of proteinuria is not clear. This study aimed
to investigate the mechanism of supression of proteinuria in puromycin aminonucleoside (PAN)
induced minimal change nephrosis(MCN), by a single dose of PAN, and focal segmental glo-

merulosclerosis(FSG) by long term repeated administration of PAN with unilateral nephrectomy
in Sprague-Dawley rats, using transmission electron microscopy. We also analysed the effects
of CsA on the histopathologic changes such as glomerular sclerosis, and subtypes of infiltrated
mononuclear cells in glomeruli and renal interstitium. The results are as follows: Marked pro-
teinuria was developed in MCN and FSG groups. It was significantly reduced by-administration
of CsA. BUN and creatinine were significantly increased in FSG with the administration of CsA,

compared with FSG without CsA. On ultrastructural examination, MCN group showed effacement
of foot processes, and microvillous transformation. Occasional focal detatchment of podocytes
from the GBM, vacuolar degeneration, and electron dense droplets in the podocytes were also
seen. The latter findings were remarkably reduced by CsA. The Above ultrastructural findings,
seen in the MCN group, were more severe in the FSG groups. On comparison of ultrastructural
fingings of FSG with or without CsA groups, severe vacuolar degeneration, abundant electron
dense granules, and focal detatchment of foot processes were more frequently seen in F5G groups
and they were significantly reduced by CsA. But irregularity and thickening of GBM were
deepend in FSG with CsA group. There were no significant differences of glomerular sclerosis,
adhesion 1o the Bowman's capsules in both the MCN and the FSG groups by administration
of CsA. Foamy degeneration of endothelial and mesangial cells, epithelial proliferation, hyalinosis
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and mononuclear infiltration were significantly reduced by CsA in FSG groups. Microcalcifi-
cation was commonly seen in CsA administrated groups. The main sutype of infilirated mono-
nuclear cells in glomeruli and interstitium were monocytes in FS5G groups. The proportion of
T cells were higher in interstitium by disease progression and it was significantly decreased by
CsA. On conclusion the most important ultrastructural changes, regarded as the main mechanism
of supression of proteinuria is that the CsA stabilize the podocytes, by preventing vacuolar
degencration and focal detatchment. But CsA does not influence the progression of glomerular
sclerosis in PAN induced nephrosis. (Korean J Pathol 1996; 30: 981—997)
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Fig. 1. Schematic summary of experiment. Methods of induction of MCN & FSG, cyclosporine A administration, periods
of collection of specimen & sacrifice. &: 24 hr urine protein, PAN: puromycin aminonucleoside, CsA: cyclosporin A,
inj.: injection, sc: subcutanecus, ip: intraperitoneal, A saerifice, blood sampling & pathological examination
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Table 1. Survival rates of experimental animals
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Tahle 2. Changes of 24 hr urine protein excretion ac-
cording to cyclosporine A in minimal change

Experimental No. of No. of nephrosis rats

groups animals survival animals({%)

Exp. groups  -lst day 10th day 20th day
la 5 5 (100)
lla 5 5 (100) la 2304130  252=145 156+7.1
Tl 15 S (100) 1a 216+101  196+83  172+6.1
IVa 15 12 (80) llla 2134112 32874563 28964646
Ih 160 10 (100) IVa 207+T7.5 1069+17.9 1392+ 54 4
i 10 10 (100) 1. Values are mg and are given as mean and standard
I1Tb 20 13 (63) deviation.
Vb 20 11 (55) 2. % Mla is significantly higher than la, a(p<0.0001) &

- IVa(P<0.01).

Total 100 s1(31)

Tahble 3. Changes of 24 hr urine protein excretion according to cyclosporine A in focal segmental glomerulosclerosis

rats
Exp. groups 0 wk 2 whs 4 wks 6 wks B wks
Ib 142+0.40 276118 30.6+13.5 47.6+21.2 28893
ITh 34.1+152 T3 3744237 0.6+ 32.3 41.0+21.2
b 21876 493,1+219.2° 22692+ 6278 3258.6+ 5878 12457 +908.6
IVb 21855 1469+ 75.6 659.8 2203 9083+ 3463 942.7+361.9

1. Values are mg and are given as mean and standard deviation.
2. * IIb is significantly higher than Ib, IIb, IVh(P<0.001).

Table 4. Changes of BUN, creatinine, serum albumin, cholesterol and wriglyceride according to the CsA in MCN rats

Lab. Ia Tla [Mla TVa
BUN 10.4+29 148+3.3 127+4.2 165+35
creatinine 0.40 =007 036 +H0.05 0.34 =0.05 0434017
albumin 4024013 3.98+0.13 3.60 +0.53 3.85+0.33
cholesterol 85.4+14.2 774493 119.9+469" 963+ 19.4

54.6+3.8 496+55 93.3+40.6 782 +263

triglyceride

1. Values of BUN, creatinine, cholesterol, triglyceride are mg/dl and albumin is gfdl.  They are given as mean and

standard deviation.

2. * IVa is significantly higher than la (P<0.01).
3. ** llla is significantly higher than Ha (P<0.035).
4. *** |lla is significantly higher than la, Ila (P<0.03).
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1) OIMBELSFUMMMAME v d¢¥H9
Aol vldte] B wmdgont Ay 1094
gk A% 208sll = Ma(o] H)E 24412 Fubul 4 o)
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s thp<0.001). ¥ CsASol 79 IVaZd2 7}hz)
1069179 mg, 13924544 mgo @ Mael v]sje]
22| glH FHastelchp<0.01),

I) SEEBEELAAMTHASSTFY WMFY o
Ad 3 Adgdi=del el b2 Aydzt 2,
4, 6, 857 A HAX T 2 2e)r) glele mb
T2 258 chwinrl 493142192 mge & =7}s)
7l AlAste] 62l 8Fsfjell= zhzt 3258+ 5878,
mgd} 3245.7+908.6 mgo & ofg A% cholpg B
Fich (Table. 3). %8 CsAS o] oA A4 25+
2t eFalel] ZH2h 14694756 mg@t 9083+ 3463 mg
o2 HAE chuxol o HykE Hglen o)
A H R F2lalbsd chip<0.001),
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1) DIMSESLSFUYMHIME HE: €3 a4
Hae CsAghk=fol 2] llade| 14.8+33 mgdl, v
AulabaZelld CsafelFel IVaTe| 165435 megdl
2 CsAd| 5o 9l a2} IMMart 212} 104 +2.9 mg/dl
127442 mgdi9ldl wlsle] Fetow Ladzk M)
wsle] FAEHen Golulelclp001). Zao}e)

Table 5. Changes of BUN, creatinine, serum albumin.
cholesterol and triglyceride according 1o the
CsA in FSG rats

Lab. Exp. groups 28th days S6th days
BUN
Ib 11.8+4.9 10.4+4.0
b 16.8+1.9 16.6+ 1.9
1Th 252+45" 460+88
Vb 8484208 98.3+18.8
creatinine
Ib 0,34 +0.06 0.36 + 0.06
Tb 0.4+0.07 0.52 +0.13
11b 0.88+0.24" 0.93+0.16
Vb 1.64 +0.37 1.72 5017
serum  albumin
Ib 4.06 +0.21 398 +0.13
ITh 3.96 +0.32 398 +0.27
I 2.07+021° 2.06+0.31"
IVh 2.00+0.25" 1.90+0.28"
cholesterol
Ib 86.8 223 08.6+20.4
ITh 87.2410.1 87.4+14.7
I 441.2+150.9° 4994 + 144 3"
IVh 4420+ 1108 399.7+93.7%
iriglyceride
Ib 58.8+10.6 60.8+10.4
ITh 52.8+00 578+ 14.5
Ik 4685+ 691" 1091.3 + 446.4"
IVh 3922 + 188 4™ 435.1+214.1"

I. Values of BUN, creatinine, cholesterol, triglyceride are
mgfdl and albumin is g/dl.

They are given as mean and standard deviation.
2. % IVb is significantly higher than Ib, Ib, IlIb (p<0.01)
3% 1 is significantly higher than Ib, [Ib (p=0.01)
4. # IIIb, T¥b are significantly higher than Ib, 1lb (p<0.05)
3. #4# IVDb is significantly higher than IIIb (p<0.05)

HE ZhtAelel] MHohE 2e|7t glwich ®y R
22 IMlaye] 3.69+053 gdl2 4502 4.02+0.13
gidl#t Va7 2] 3854033 gdlell dlsle] & Al
+ Rk €% Fe2dE 9 wviglycerides= 4T
o] 2Zb#} 854+ 142 mgidl, 54.6+3.8 mgdield d)sl
o MMadell s 2Hzh 11994469 mgdl, 93.3+406
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Table 6. Comparison of renal hisopathologic changes according to the CsA m MCN rats

Hustopathologic findinps Ix 1T Mla IVa
Glomerular sesmental sclernsis (LEO+ 0.8 0,60 £ .50 2,33+ 1.04° 192+1.16
Arhesion w the Bowman’s capsules 1Le0+1.0 [0+ 007 5934225 4.17 1 240
Hyvalinogis of capillary loops 120 E0.5 030 +0.80 173+ 109 L1702
Mesanpgial hypereel lularily 560111 G0 +35 12,37 +4.88" B25+3.T6
Interstitial monomuclear nfilranien - - - "= -
Tnierslilial {ilwosis — - -

Mgrocalcilication + - I

. Values are % of pglomerwlar changes) more than 100 glometyli. They ate given ag mesn and  standard deviation.

2. % la, a are significanely higher than MMa (p=<(k0O15
3, ** Ja, [Ia arc significantly higher than 1lla (p<CG001)

4. # Wla is sdpnificandly higher than Ta, Tla, TWa (p<0.01)

Fig. 2. Segmental sclerosis with adhesion to the Buwman®s capsule is s2en in minimal change nephresis (A, PAS = 2000,
Microcaleification is noted in MCN with Cusd (B, H&E =200,
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Table 7. Comparison of renal Tisiopacthologic

changes noeondmg 1o the CsA mm FSG ras

Histopatholowie finding 1b b Tk Vb
28th days 28h days 2dth days 281 duys
20th duys S6eh davs Stth days S6th days

Glomerular sclerosis OR | (.R4 (LR -+ (L.R4 17.3—=4.0% 17.8 402
2.401+0.72 1.2+ .14 3743718 175 L8017

Adbesion (o (he G.40+1.1 G600 = 1.1 42,330 128 IR 123

Bowman's capsules 7627 72.1.5 44331 76 RO 110

Foam cell chanpes of 00400 0.20 =144 18.0+4.85 6.E=42"

alomerular cells 0.0+0.0 0.40=0.54 53.86 19,33 120 5247

Scgmental cpithclial 0.2 L 045 [Ld —0.43 £.43 4306 320=130"

prolifcration 2 1045 (1.2 —0.45 24,71 +9.53 8.17=1.72"

Mesangial prolilferation 640+ | 34 6.60— 1. 14 32,33 1601 27,20 _ 7.46
REBO+ 2,56 .40 =2 30 77.14 1.7 41 34.17  12.05

Hyaline changes of .20 1L (a4 020 _0.44 6.1711.47 480—216"

glomerlar capillary loops 040 1 (149 040 (.54 2171 +647 317=074"

- Walues are % ol glomerilar changes) more than 100 plomeruli, They are given as mean and  standand deviation.
¥, TWh arc significamely higher than 1b, b {p<G001)

EIERS

**I¥b iz significantly higher than Ih, 1k and is significantly lower than TITh (p<0001)

Fig. 3. Renal histopathologic findings of FSG proup. Frequent movnonuclear infiltration, tubular aophy or dilatation
tA, PAS = 40), Scgmental sclerosis and cpithelial proliforation of glomerulus (B, PAS = 200), and foam cell change
ol endothelinl aml mesangial cells, hyalinoses of capillary loops (C. PAS = 2000 arc nored.
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Fig. 4. Renal histopathologic findings of FSG with CsA proup. Interstitial mononuclear infilimiion is decreased (4, PAS
w0, Scgmental sclerosis of glomerulus (B, PAS » 2000, and collapse of capillary loops (O, PAS < 200) ure seen.
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Fig. 5. Ulrastructural findings of renal glomerulus in MCN group {(A). Vacuolar degeneration of podocyte (V), and
fecal detatchment (arrow) are noted (A, = 40000). FSG group (B & C). Severe vacuolar degeneration, abundant electron
dense granules, marked effacement of foot processes (B, = 51000, and detatchment of podocyte (armow, C, = 24000)
are noted. FSG with CsA group (D). Severe effacement of foot processes, microvillous transformation are noted. However

vacuolar degeneration is minimal and detaichment of podocyte is not seen (D, uranium acetate & lead citrate = 5950).
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Table 9. Comparison of ultrastructural changes of glomerulus according to the CsA in MCN rats
Ultrastructural findings Ia Ma 1T1a 1Va
Effacement of foot process - + +
Microvillous transformation — - + +
Focal detachment of podocytes - - + -
Vacuolar degeneration of podocyies - - + +
Electron dense granules in podocytes - - + -
Increase of mesangial matrix - + x
Tahle 10. Compatison of ultrastructural changes of glomerulus according to the CsA in FSG rats
Ultrastructural findings Ib Ib b IVh
Effacement of foot processes - + -+ + + + +
& microvillous transformation
Irregularity & thickening of GBM - - -+ + +
Detachment of foolt processes — — 4+ +
Elecrom dense deposits in podocyies - + + + -
Vacuolar degeneration — - + =+ + +) +
Aggregation of microfilaments - — + + o
in podocyles

Increase of mesangial matrix - + ++ + + ++

Table 11. Comparison of subtype of mononuclear cells according to the CsA in FSG rats

FS5G Group FS5G +CsA Group
Mononuclear o
cells Glomerli Interstitium Glomeruli Interstitium
28th/56th 28th/56th 28th/56th 28thy/56th
T cell 0.65H0.19/044 +1.44 27.0+£2.1/33.6£2.2 032+ 0.08/040+0.09 266+ 11J21.8+2.6
B cell 0570100054 0013 2176 7/IR3I58 DeR+0080753+0.10 2T7T6+26/168+4.2
Macrophages  4.32+0.64/6.57 £0.50 562199479574 528067421035 45.6+12.4/622+11.3

1. Values are given as mean and standard deviation, Values of glomeruli mean positive mononuclea cells/ 100 glomerul
and interstitium means positive mononuclear cells/100 interstitial mononuclear cells.
2. The proportion of interstitial T cells of CsA administrated group at 56th days is signficantly higher than F5G group

(p=<0.05)
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Fig. 6. lmmunchistochemical swinings of CD68(A & B), and TICHL-1(C) in FSG groups, A fow macrophages{ A), and
many mierstitial mononuclear cells(T) show positivice o CDG8 on 28th day. Several TICHT -] positive T cells {7} are

fownd on 56ch day.
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