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Initiation and Development of Focal Segmental Glomerular Sclerosis
and/or Hyalinosis in Adriamycin-Treated Rats

Akio KOIKE
Department of Pathology, Shinshu University School of Medicine
(Director : Prof. Hidekazu SHIGEMATSU)

The initiation and development of glomerular hyalinosis and sclerosis, and their relationship, were
analysed in adrlamycm (ADR)-induced glomerular lesions. In ADR-treated rats, hyalinotic lesions were seen
beneath endothelial cells as far as the paramesangium. Proteinaceous material was also seen beneath the
detached visceral epithelial cells. It is assumed that this material develops into hyalinosis. On the other hand,
the extracellular matrix prdduced by visceral and parietal epithelial cells with the additional mesangial
matricial increase results in segmental sclerosis. Hyalinotic lesions decreased and sclerotic lesions increased
in the later experimental stage. So in this model, hyalinosis and sclerosis appear independently in the early
stage, and later mix together to form focal segmental glomerular sclerosis and/or hyalinosis. Shinshu Med ]
45 : 89-~102, 1997
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Table 1 Percentages of sclerosis and hyalinosis
of glomeruli in ADR-treated rats

Average hyalinosis(%) Average sclerosis(%)

superficial profound  superficial profound
oL 5 16 3 6
LY 9 2 5 34
e %5 55 19 55
W 1 36 21 58

: Adhesion of glomerulus to the Bowman'’s capsule
and mild proliferation of parietal epithelial cells
(arrowhead). PAM X310

: Segmental sclerosis including hyalinosis (arrow)
and extracellular matrix inside the Bowman’s
capsule in the urinary space (arrowhead).

PAS X310
:In PAM staining, fibrillar matrix is observed
(arrowhead). PAM X310

Fig. 2 Light micrographs of glomeruli from ADR-treated rats at 8 weeks after the second injection
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Fig.3 Light micrographs of glomeruli from ADR-treated rats at 16 weeks after the second injection
of ADR.

a : Proliferation of parietal epithelial cells (arrowhead) and possible detached visceral epithelial
cells without extracellular matrix production (arrow). PAM X310

b : Vacuolation of visceral epithelial cells (arrowhead) and hyalinosis under the endothelial cell
(arrow). PAM X310

¢ : Hyalinosis along glomerular loops (arrow). PAS X310

d : Hyalinosis in mesangial area. Deeply stained hyalinosis (arrowhead) is found in segmentally
sclerosed area. PAS X310

s
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Fig. 5 Light micrographs of glomeruli from ADR-treated rats at 32 weeks after the second injection
of ADR. PAM X310

. Deeply (arrow) and palely (arrowhead) stained
hyalinosis. PAS X310

. Vacuolation of the visceral epithelial cell (arrow-
head) with segmental collapse of glomerular
tufts. PAM X310

. Urinary space is filled with filamentous extracel-
lular matrix (arrowhead). PAM X310

ke T g L Pt R P
Fig. 4 Light micrographs of glomeruli from ADR-treated rats at 24 weeks after the second injection
of ADR.
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P;ig: 6 Immunofluorescent study (a-f) and staining

for fibrinogen by enzyme-labeled antibody
method (g) from ADR-treated rats at 32 weeks
after the second injection of ADR.

Segmental positive stains are observed for
albumin (a), IgA (b), IgG (c), IgM (d), and C3 (e).
Staining for fibrinogen (f) seems to be located
in the outside area of glomerular tuft
(arrow). X260

Positive stain (g) is observed in hyalinosis
(arrow) and in the outside area of glomerular
tuft. X230
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Fig. 7 An electron micrograph of a glomerulus from an ADR-treated rat at 8 weeks after the

second injection of ADR.

Hyalinosis (#*) is observed between the endothelial cell and glomerular basement membrane

(arrow) of paramesangium.

The visceral epithelial cells show flattening and effacement of the foot processes and contain

lysosomal granules. X 3,060
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Fig. 8 Electron micrographs of glomeruli from ADR-treated rats at 16 weeks after the second
injection of ADR.
a : The visceral epithelial cell shows lysosomal granules and detachment from GBM in
paramesangium (arrowhead). X4,860
b : Proteinaceous material is observed within the space beneath the detached visceral epith-
elial cell (VE) of paramesangium.
Thickening of glomerular basement membrane is also observed (arrowhead). X4,950
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Fig. 9 Electron micrographs of glomeruli from ADR-treated rats at 24 weeks
after the second injection of ADR.
a : Basement membrane material production beneath the epithelial cell (EP).
Glomerular tufts are collapsed (T). X5,400
Inset : Higher magnification of a part of Fig 9a. Multilayered structure is
observed in the basement-membrane-like matrix under the epith-
elium. X10,800
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b : Extracellular matrix production between the visceral epithelial cell (VE) and

basement membrane (arrow). Material with extremely low electron density is
seen among the extracellular matrices. X 4,950

¢ : Collapsing glomerular tuft (T) with hyalinosis (arrowhead). Filamentous
extrtacellular matrix is observed beneath the parietal epithelial cell (PE) and
over the naked basement membrane. A small hyalinotic lesion is seen beneath
the detached visceral epithelial cell (arrow). X 1,530
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Fig. 10

Schematic illustration showing the relation between hyalinosis and sclerosis.

a : Degeneration and detachment of the visceral epithelial cell from GBM.

b : Accumulation of proteinaceous material under the detached visceral epithelial cell.

¢ ! Basement-membrane-like extracellular matrix production beneath the epithelial cell
(visceral or parietal epithelial cell is uncertain).

d : Visceral epithelial cell detached from GBM with production of extracellular matrix
and cell debris. Hyalinosis is observed under the endothelial cell, in glomerular loops,

and in mesangial area.

e : Collapse of glomerular loop, mesangial matricial increase, resulting in focal segmen-

tal glomerular sclerosis and/or hyalinosis.

VE : Visceral epithelial cell
Ep : Epithelial cell

3t Accumulation of proteinaceous material

B Hyalinosis
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End : Endothelial cell
PE : Parietal epithelial cell

M : Mesangial cell
BC : Bowman’s capsule
Ul Extracellular matrix
## Sclerosis of mesangial matrix

EDNUEE & 726 L, SoRSEIMERERET{L/FEFb
WHERRT B & LT B, & OFERT B RN &
L U 2o SR B R BT O R iR i B e

Fie, EEOEE & bim A vy AREARIL 1o,
AV ATEECREMARER L FLL Tk, V
Was—rv, 73 =vEIV~7 VRS 74
FI3ABVYHEENRBIEBHBA T B0 =
DRERC, 2HE® ADR 4L v32BE I, BT
{bo AT v B A & AR L, B Lot

fEMERE Vol 45



SMTHEAR BRI /AT O Fe 2k - e

B RS L 7 —H, AV vy aEHO
B &bz, AL BEAE R XA Mo R R A
vk, SHEIUERML AR S 4 8% 2 Bk, RIS R
BWEWIEL, Vi D HLRDHME R IR /Y- Tb
~FRTDEDEE L bR (Fig. 10),

3 BRI B A b R BT L i B L ¢
W,

4 SRERBREAL & BT E, RS o BB o SIS Y
B S, FIRESC, WL & BT EaR ity
HIBR L, RESItiE OIRAE L fo SRR AT Bk i

B/ AL RS B
L T

v o B

ZORERTIE, ChETHEIHAERNT F ) 7

A v VREOKRICIZ T, MTFokha®e,

PI B MR s > DR T (b fhre, AR RS M
DEEEREE OERM O T b SRS 5 AT HE S
BB
2 W, TAS v, s R T v,

1

ZDFAERIC BHich, SHEEL CHCREB Y E L
FARMNREE | S TN — 30, (2R
B, VLI SHENAN, PR ohigich, SRR o
K BB L F9, Te dsHTT o0 PIET vL AR AR B AR
B sr (1995%E4H, BEB) WTRE L,

C3, 747V /= vRNERMENTVL,

D

2

D

4

5)

6)

2

8

£l

10)

1D

12)

13)

X [

Churg J, Bernstein J, Richard J, Glassock RJ: Renal disease : classification and atlas of glomerular
diseases. 2nd ed, p 3, Igaku-Shoin, Tokyo, New York, 1995

Bertani T, Poggi A, Pozzoni R, Delaini F, Sacci G, Thoua Y, Mecca G, Remuzzi G, Donati MB:
Adriamycin induced nephrotic syndrome in rats: sequence of pathologic events. Lab Invest 46 ; 16-23,
1982

Bertani T, Cutillo F, Zoja C, Broggini M, Remuzzi G : Tubulo-interstitial lesions mediate renal damage
in adriamycin glomerulopathy. Kidney Int 30 : 488-496, 1986 )

Okuda S, Oh Y, Tsuruda H, Onoyama K, Fujimi S, Fujishima M : Adriamycin-induced nephropathy as
a model of chronic progressive glomerular disease. Kidney Int 29 502-510, 1986

Thoenes W, Rumpelt HJ : The obsolescent renal glomerulus-collaps, sclerosis, hyalinosis, fibrosis. A
light and electron microscopical study on human biopsies. Virchows Arch A Pathol Anat Histopathol
377: 1-15, 1977

Kriz W, Elger M, Nagata M, Kretzler M, Uiker S, Koeppen-Hagemann, Tenschert S, Lemley KV : The
role of podocyte in the development of glomerular sclerosis. Kidney Int [Suppl 42) 45: 64-72, 1994
Kondo Y, Akikusa B: Chronic Masugi nephritis in the rat. An electron microscopic study on evolution
and consequences of glomerular capsular adhesions. Acta Pathol J pn 32: 231-242, 1982

Nagata M, Kriz W: Glomerular damage after uninephrectomy in young rat. IT : mechanical stress on
podocytes as a pathway to sclerosis. Kidney Int 42 : 148-160, 1992

Fries JW, Sandstrom DJ, Meyer TW, Rennke HG : Glomerular hypertrophy and epithelial injury
modulate progressive glomerulosclerosis in the rat. Lab Invest 60 : 205-218, 1989

Rennke HG, Anderson S, Brenner BM: Structural and functional correlations in the progression of
kidney disease. In: Tisher CC, Brenner BM (eds), Renal pathology, pp 43-65, Lippincott, Philadelphia,
1989

Rennke HG, Weening JJ : Glomerular permeability and polyanion in adriamycin nephrosis in the rat.
Kidney Int 24 : 152-159, 1989

O Donnell MP, Michels L, Kasiske B, Raij L, Keane WF : Adriamycin-induced chronic proteinuria ; a
structural and functional study. J Lab Clin Med 106 : 62-67, 1985

Whiteside C, Prutis K, Cameron R, Thompson J : Glomerular epithelial detachment, not reduced charge

No. 2, 1997 10



14

15)

16)

17

18)

19)

20)
21

22)

102

Ao K

density, correlates with proteinuria in adriamycin and puromycin nephrosis. Lab Invest 61 : 650-660, 1989
Elema D, Arends A : Focal and segmental glomerular hyalinosis and sclerosis in the rat. Lab Invest 33 :
554-561, 1475
Grishman E, Churg J : Focal glomerular sclerosis in nephrotic patients : an electron microscopic study of
glomerular podocytes. Kidney Int 7: 111-122, 1975
Gabbert H, Toenes W: Formation of basement membrane in extracapillary proliferates in rapidly
progressive glomerulonephritis. Virchows Arch B Cell Pathol 25: 256-269, 1977
Choen AH, Mampaso F, Zamboni L: Glomerular podocyte degeneration in human renal disease, an
ultrastructural study. Lab Invest 37 : 30-42, 1977
Romen W, Schultze B, Hempel K : Synthesis of the glomerular basement membrane in the rat kidney :
autoradiographic studies with the light and electron microscope. Virchows Arch B Cell Pathol 20 : 125
-137, 1976
Olson JL : Focal and segmental glomerular sclerosis. In : Heptinstall RH(ed), Pathology of the kidney, 4th
ed, pp 821-824, Little, Brown and Company, Boston, Toronto, London, 1992
Kashgarian M, Sterzel RB: The pathobiology of the mesangium. Kidney Int 41 : 524-529, 1992
Rosenblum ND: The mesangial matrix in the normal and sclerotic glomerulus. Kidney Int [Suppl 45]
45 73-77, 1994
Fauser LS, Michael AF: Antigens of the human glomerular basement membrane. Springer Semin
Immunopathol 9: 317-339, 1987

8. 9. 10 28

EMESE Vol 45



