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Kinetic Study of Podocytes in Glomerular Sclerosis
Tamaki Sasaki

Bromodeoxyuridine (BrdU) incorporation into DNA in the S phase of the cell
cycle is now regarded as a useful alternative to tritiated thymidine in cell kinetic
studies. In this study, we examined the kinetics of podocytes by using immunohisto-
chemical and electron microscopic methods in both developing and sclerosing glomer-
uli.

Newborn and mature male Wistar strain rats received a single intraperitoneal
injection of BrdU. For immunohistochemical analysis, paraffin section were pre-
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pared two hours after flash labeling. At the same time, electron microscopic observa-
tions were performed. Nephrons at all stages of development were represented
within each newborn rat. Primitive nephrons were found in the outer part of the
kidney with progressively more mature nephrons located deeper in the renal cortex.
At the S-shaped stage, the presumptive podocytes or Bowman’s epithelial cells
showed immunoreactivity. However, at the early capillary stage, the podocytes no
longer showed immunoreactivity, and electron microscopy revealed the development
of foot processes in podocytes. The endothelial cells and the mesangial cells were
easily detected in the glomerular tufts. The labeling index of the glomerular tuft
cells of mature rats was approximately 0.54%. The majority of labeled cells noted
in the glomerular tufts were endothelial cells. Mesangial cells had a low labeling
index. The podocytes revealed no evidence of proliferation. The labeling index of
Bowman’s epithelial cells, however, was approximately 0.71% higher than that of
tuft cells. :

Wistar strain rats with N, N’- diacetylbenzidine (DAB) -induced nephropathy,
which causes podocyte damage, were prepared, and the dynamics of the glomerular
cells were observed in comparison with rats in a control group. The labeling index
(L. I.) of the tuft cells in both groups stabilized at approximately 0.2% on about
postnatal day 60. Various forms of morphologic damage to the podocytes were
observed during the experimental protocol, but no regenerative state'was seen. The
L. I. of Bowman’s epithelial cells increased slightly in the DAB group at the 160-days
interval, 200 days after DAB injection. BrdU-positive Bowman'’s epithelial cells were
observed close to the adhesive or sclerotic tufts.

Based on the results of the present study, it appears that these cell dynamics play
an important role in the development of glomerular sclerosis. (Accepted on October 19,

1991) Kawasaki Igakkaishi 17(4) : 361—376, 1991
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Fig. 1. Experimental protocol
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Fig. 2.

Low magnification of immature kidneys. 3 days after birth. V :

metanephrogenic vesicle, U : ureteral bud, G : glomerulus (BrdU-ABC,

PAS x100)

Fig. 3. a. S-shaped stage. BrdU positive nuclei are seen in the cell of

S-shaped tubule (arrows).

PAS x1000)
b. Early capillary stage.

immature glomerulus (arrows) .

ABC, PAS x1000)

3 days after birth. (BrdU-ABC,

BrdU positive nuclei are seen in the

7 days after birth. (BrdU -
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Table 1. Labeling indices of glomerular cells

Wistar-strain-rats 1 2 3 4 5 mean=+SD
number of examined tuft cells 10698 | 11419 | 10447 | 10850 | 12111 | 11105+£666.0
number of labeled tuft cells 57 50 72 57 54 58+8.3

Endothelial cells 37 41 50 41 40| 41.8+4.9
Mesangial cells 16 9 21 14 13| 14.6+4.4
Unclassified cells 4 0 1 2 1 1.6+1.5
Podocyte 0 0 0 0 0 0
Labeling index (%) 0.50 0.44 0.69 0.53 0.53 1 0.54%£0.09
number of examined Bowman’s epithelial cells 985 920 892 964 9231 936.8+37.2
number of labeled Bowman’s epithelial cells 6 9 5 7 6 6.6x1.5
Labeling index (%) 0.61 0.98 0.56 0.73 0.65| 0.71£0.17

Fig. 4. a. Transmission eiéctron micrography showing éarly capillary
3 days after birth. CL : capillary lumern,
End : endothelium, Epi: podocyte, PEP : Bowman’s epithe-

stage glomerulus.

lial cell (x2100)

b. Transmission electron micrography showing mature glomer-

ulus. 14 days after birth. (Xx1100)
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Fig. 5. a. Scanning electron micrography showing podocyte at early
capillary stage. 3 days after birth (X6000)
b. Scanning electron microscopy showing podocyte at mature
stage. 7 days after birth. F :primary process, arrows :
pedicels (X 6500)
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Fig. 6. Urinary protein excretion in rats. Time course of
the 24-hour urinary protein excretion (daily protein excre-
tion) in control rats and DAB rats. Values are the mean
of 2-4 animals and (extremes) .
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Fig. 7. a. Labeling indices of tuft cells after flash labeling
during the experiment
b. Labeling indices of Bowman'’s epithelial cells after

flash labeling during the experiment
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LM T 2 TS/, Ry~
B Ml oMb d 5 TS EEIRL R = 3R
®7- (Fig. 3a). 5 ICEBORERHL 72 45k1E
T, ERCREIIG % B2 T & 2 R BRIBEUII
AU, FICHEMIER X 3> ¥ 7 Akt

T3 EINTwBIMEBROMERMIE, S5
SHMMEL 7z X9 o ¥ o A % R 7z (Fig .
3 b). £ &V ERSREREEEENEA L, #
WCIETERER, L 7 RBRE SN L, RER
PRARER OFERAI b Z BV L, B

Fig. 8. a, b. BrdU-positive nuclei of Bowman’s epithelial cells are
detected close to the adhesive tufts (arrows). 200 days. A : adhesitive
tuft (BrdU-ABC, PAS, ax400, bx1000)
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Fig. 8. c¢. BrdU - positive nucleus of cell lining Bowman’s capsule is
detected at the adhesive tuft (arrow). 200 days. A : adhesive tuft
(BrdU-ABC, PAS x1000)

Fig. 9. The degenerative podocytes contain numerous protein reabsorption dro-
plets (arrows). 160 days. MM : mesangial matrix, CL : capillary lumen, b :
bleb, US urinary space (Xx3100)




370 N g R #

p
gl&l'

(BE17% HF45 1990

Fig. 10. a. The denuded glomerular basement membrane in covered by Bowman’s
epithelial cells. Note thickening Bowman’s capsule. 120 days.
PEP : Bowman’s epithelial cell, CL : Capillary luman, BC : Bowman’s
capsule, arrows : lamellation of Bowman’s capsule, asterisks : BM-
like materials (%2900)

b. BM-like materials may be projected by Bowman’s epithelial cells at
the adhesive tuft. 160 days. PEP : Bowman’s epithelial cells, Epi :
podocyte, BC : Bowman’s capsule, US : urinary space, asterisks :
BM-like materials (X 2600)

Fig. 11. Bowman’s epithelial cells oppress the intact tuft which
forms the segmental glomerular sclerosis. 200 days. CL : capil-
lary lumen, PEP : Bowman’s epithelial cells, BC: Bowman’s
capsule, asterisks : BM-like materials (X1800)

FRARE LRI ko T, DOEARBED MBI < OHIFE b 3T 5

R Loy N CORBMBOEEREIE  hl. L LEEEEHEROERE, & J8BE
(Table 1), F450.54%C, MBAICEMMMNR  Shaboi. —HR Y~ B ERHEOBHN
72.4%, A VXU AMIHIS24.9% T, TOM  FRIGREEREMIEE D& H0.71% T, R
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Fig. 12.
epithelial cells migrate to the surface of BM - like materials.

200 days.

BM-like materials cover the sclerotic tufts.

Bowman’s

PEP : Bowman’s epithelial cell, BC : Bowman’s cap-

sule, asterisks : BM-like materials (X 1100)
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A micrographic illustration of the
changes in segmental glomerular sclero-
sis. 160 days. (Xx400)

Fig. 13.

»oh, REEEEHEICERE2ED - (Fig. 9).
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Fig. 14.

The proposed pathogenetic schema
for segmental sclerosis
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DRy~ v BEFHICEE2 7 —7 > (type 1, 3)
PEET LI ELHRESIN O FHEATY
593, 4O, BRETFEMSEEET, FUv vy
¥ b ARIL B T b b BIEERRYE & L iRE
WRTEELBE L TV 2HRE2BELH, Lk
BN a5 —% > type 1, 3 REET HE
BIFEIN TR, L7zd8-> Tgene expres-
sion DAL > TWB I EDIFETERL
8, fil & OMERMIOBESE b ERT & L
Bboh s, EE, /INEHE IgA BiE OB RREE
BT, REERFBICEESZVbOOD, F
BERERE 2RO 2H8HD, ZOXRV VB
FRMBEOEECEE L TAS L, ALTRTE
FILBHE L T A ERBBEH 5N 5. Z ORIKME
R~ v BRI E OMBREEED, {50
DORIBEZR D & DR~ B g OEFERIE
DEAZBRU S ¥ 5 CRER) . BUCERIIRER
HRE BT sEEROMBRKIGCEREL, &
BESHRIBR OIS, REREREER LD
b FEHICRE O B OEF L Z 5 L IR
LTW3 .20 £7-KESI1X,20 REREBF R ICBWL
THEDEXY EH LR E OB 2ERE L
Tw3. [FU X3 iz Bohle, Miiller & D7 )V —
7k, FRVIEA L D BHEE CREMERIEIEER) X
SRERARAE M L ICEERE, FICHE Ok
LHIBEL % & 512h 5 W RADRIRERBEZED
KEBRICBWTH, AL XS EERE (MR
¥ & 54 1L) & hyperperfusion 17 & % Bk
EDHREEHREZMHED L LD, RBRETFRERET
DORIERE, Lo EE LRETL
TWw5 . 6 3L ORREBTRCBWT, &I
RIRME - ziiacd HLA class ITOREE 2%
WERY, TORHELEEDY > Bk, B, ##
MRS OREIMHEET 2 2 & LD 3% R
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