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Ab stract. In creased apoptosis has been re ported in acute puromycin
aminonucleoside nephrosis (PAN). The aim of this study was to in ves ti gate if
in creased apoptosis is re lated to in creased ex pres sion of apoptosis-as so ci ated
pro teins (AAP) in this model of nephrosis. Sprague-Dawley rats were made
nephrotic by intraperitoneal in jec tion of one dose of puromycin
aminonucleoside. Re nal tis sues were ob tained at 1, 2 and 7 weeks af ter in jec -
tion and apoptosis was in ves ti gated by TUNEL and by elec tron mi cros copy.
Fas, Fas ligand, p53, Bax and Bcl-2 ex pres sions were an a lyzed by the re spec -
tive monoclonal and polyclonal an ti bod ies, us ing in di rect immuno -
fluorescence. In the glomerulus of nephrotic an i mals, in creased apoptosis was 
ac com pa nied with in creased ex pres sion of p53, Fas and Bax. In the
interstitium, high ex pres sion of apoptosis, Fas, Fas-L and Bax were ob served
and in tu bules in creased apoptosis was ac com pa nied with in creased ex pres -
sion of p53, Fas and Fas-L. Bcl-2 was in creased in interstitium and tu bules
dur ing PAN. The in ci dence of apoptosis dur ing PAN was cor re lated with the
ex pres sion of AAP in glomerulus (p53), interstitium (Fas, Fas-L and Bax) and
tu bules (Fas, Fas-L, p53 and Bcl-2). There was cor re la tion be tween Fas and
Fas-L ex pres sion in interstitium and tu bules. About 4% of glo mer u lar and 25% 
of tu bu lar p53 pos i tive cells were apoptotic cells. The data sug gest that in -
creased lo cal ex pres sion of AAP could con trib ute to re nal apoptosis in the glo -
mer u lar, in ter sti tial and tu bu lar com part ments dur ing this ex per i men tal
model of nephrosis.
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Re su men. Estu dios pre vios han de mos tra do la pre sen cia de apop to sis en
el te ji do re nal de ra tas con ne fro sis por ami no nu cleó si do de pu ro mi ci na
(NAP). Este es tu dio está orien ta do a de ter mi nar si la ex pre sión de la apop to -
sis está re la cio na da con au men to en la ex pre sión de pro teí nas aso cia das a la
apop to sis (PAP) du ran te el cur so de NAP. Se uti li za ron ra tas Spra gue. Daw ley
las cua les fue ron he chas ne fró ti cas con una in yec ción úni ca in tra pe ri to neal de 
ami no nu cleó si do de pu ro mi ci na. Los con tro les fue ron ra tas in yec ta das sólo
con el vehícu lo. Se ob tu vie ron te ji dos re na les a las 1, 2 y 7 se ma nas des pués
de la in yec ción y se ana li zó la apop to sis por TUNEL y mi cros co pia elec tró ni ca
y Fas, Fas-L, p53, Bax y Bcl-2 me dian te la in mu no fluo res cen cia in di rec ta,
usan do an ti cuer pos po li cló na les y mo no clo na les. Se en con tró in cre men to en
la apop to sis en el glo mé ru lo de los ani ma les con NAP, acom pa ña do con in cre -
men to en la ex pre sión de p53, Fas y Bax. En el in ters ti cio se in cre men ta ron la 
apop to sis y la ex pre sión de Fas, Fas-L y Bax y en los tú bu los el au men to de la
apop to sis se acom pa ñó de au men to de p53, Fas, Fas-L. Bcl-2 se in cre men tó en 
in ters ti cio y tú bu los. La in ci den cia de apop to sis en este mo de lo es tu vo co rre -
la cio na da con la ex pre sión de PAP en glo mé ru lo (p53), in ters ti cio (Fas, Fas-L
y Bax) y en tú bu los (Fas, Fas-L, p53 y Bcl-2). Hubo co rre la ción en tre las ex pre -
sio nes de Fas y Fas-L en in ters ti cio y tú bu los. Cer ca del 4% en el glo mé ru lo y
el 25% en tú bu los de las cé lu las p53 po si ti vas es ta ban en apop to sis. Estos da -
tos su gie ren que una ex pre sión au men ta da de las PAP en glo mé ru lo, in ters ti -
cio y tú bu lo pue de es tar re la cio na da con el in cre men to de la apop to sis en los
di fe ren tes com par ti mien tos re na les du ran te este modelo ex per i men tal.

Re ceived: 23-11-2004. Ac cepted: 03-03-2005.

IN TRO DUC TION

Apoptosis, one type of cell death, is
char ac ter ized by mor pho log i cal and bio -
chem i cal dis tinct fea tures (1). It is known
to oc cur dur ing the nor mal de vel op ment of
multicellular or gan isms. Apoptosis or its
de fect is also known to cause a va ri ety of
patho log i cal con di tions (2). Fas, Fas ligand, 
Bax and p53 may be ex pressed in cells un -
der go ing apoptosis; in con trast, some other 
mol e cules are known to de crease lev els of
apoptosis. Re gard ing the lat ter, the anti-

 apoptotic ef fect of Bcl-2 is well known (3).
Acute puromycin aminonucleoside nephrosis
(PAN) in rats is char ac ter ized by heavy
proteinuria as so ci ated with re nal
hypercellularity and it has served as an ex -
per i men tal model of min i mal le sion
nephrotic syn drome in hu mans (4-6). In -
creased oc cur rence of apoptosis has been
doc u mented in weeks 1 and 2 of the dis ease 
and a role in the res o lu tion and res to ra tion
of nor mal re nal cellularity by apoptosis has
been sug gested (7). The pres ent study was
de signed to de ter mine whether the in ci -
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dence of apoptosis is ac com pa nied and cor -
re lated with the ex pres sion of apoptosis as -
so ci ated pro teins (AAP) Fas, Fas ligand,
Bax, p53 and Bcl-2, dur ing the course of
PAN.

METH ODS

An i mals
Male Sprague-Dawley rats, weigh ing

250 to 300g and ob tained from the Insti -
tuto Venezolano de Investigaciones Cientí -
ficas (Ven e zuela) were used for this study.
They had free ac cess to food and wa ter
through out the ex per i ments.

Re agents
Apoptosis was eval u ated us ing an

apoptosis de tec tion kit. uti liz ing
fluorescein (FITC)-la beled nu cleo tides (Pro -
me ga Cor po ra tion, WI, USA). Monoclonal
an ti bod ies (mAb), anti- rat p53 tu mor sup -
pres sor pro tein, anti- rat Bcl-2 pro tein and
anti- rat Bax pro tein were pur chased from
Biosource In ter na tional Inc. (Camarillo,
CA, USA). FITC-con ju gated F(ab’)2 frag -
ment rat anti-mouse IgG and TRITC (tetra -
methylrhodamine isothiocyanate) -la beled
F(ab’)2 frag ment rab bit anti-mouse IgG an -
ti bod ies were ob tained from Ac cu rate
Chem i cal & Sci en tific Cor po ra tion (West -
bury, NY, USA). Rab bit anti- rat Fas, rab bit
anti-rat Fas-L and FITC-la beled F(ab’)2 frag -
ment sheep anti-rab bit IgG an ti bod ies were
ob tained from Calbiochem-Novabiochem
(La Jolla, CA, USA). Puromycin amino -
nucleoside was ob tained from Sigma Chem -
i cal Co. (St. Louis, MO, USA).

Puromycin aminonucleoside nephrosis
model

Rats were made nephrotic by a sin gle
intraperitoneal in jec tion of 15 mg/100 g
body weight of puromycin aminonucleoside
(PA) dis solved in 0.9% sa line. An i mals in -
jected with 0.9% sa line were used as con -

trols. Ex per i men tal and con trol rat groups
(n = 5 to 6 per group) were sac ri ficed on
weeks 1, 2 and 7 af ter the PA in jec tion. In
or der to de ter mine proteinuria, 24 hour
urine sam ples were col lected from all rats
be fore the sac ri fice and proteinuria was de -
ter mined by the sulphosalicilic acid
method. At the time of sac ri fice, kid neys
were re moved af ter per fu sion with 20 mL of 
0.9% sa line so lu tion through the ab dom i nal 
aorta. For immunofluorescence stud ies,
pieces of perfused kid neys were in cluded in
OCT com pound (Tis sue Tek, Miles Inc. Di -
ag nos tics Di vi sion, Kankakee, IL, USA),
frozen in dry ice and ac e tone and stored at
–70°C un til use. For light and elec tron mi -
cros copy stud ies pieces of re nal cor tex from 
con trol and ex per i men tal rats were fixed in
2.5% glutaraldehyde in so dium cacodylate
buffer.

Iden ti fi ca tion of apoptosis
To de ter mine apoptosis a histologic as -

say that al lows for se lec tive la bel ing of cells
with de graded DNA in tis sue sec tions was
uti lized (8). This as say takes ad van tage of
the abil ity of Klenow DNA poly mer ase to fill 
gaps of de graded DNA in apoptotic cell nu -
clei with FITC mod i fied-nu cleo tides, eas ily
de tected by epifluorescence mi cro scope.
The frozen sec tions (4 µm) from nor mal
and nephrotic an i mals were fixed in 10%
neu tral-buf fered for ma lin and post-fixed in
eth a nol:ace tic acid for 5 min utes at –20°C.
Frag mented DNA was nick end-la beled us -
ing an in situ apoptosis de tec tion kit fol low -
ing the in di ca tions of the man u fac turer.
The em bry onic rat forelimb bud was used as 
a pos i tive con trol to de tect de vel op men tal
cell de le tion. Neg a tive con trols were rep re -
sented by re nal and em bry onic rat forelimb
bud tis sues in cu bated with dis tilled wa ter
in stead of the ter mi nal deoxynucleotidyl
transferase in the re ac tion buffer. Slides
were mounted with p-phenylenediamine to
de lay flu o res cence quench ing and ex am ined 
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with an epifluorescence mi cro scope.
Apoptotic mor pho log i cal fea tures were also
con firmed by light and elec tron mi cros copy 
pro ce dures (see be low).

De ter mi na tion of apoptosis-as so ci ated
pro tein ex pres sion in PAN

Re nal frozen sec tions (4 µm) from con -
trol and nephrotic an i mals were di vided
into two groups: One group was fixed in ac -
e tone at –20°C for 15 min utes, washed and
in cu bated with rab bit anti-rat Fas or rab bit
anti-rat Fas-L for 1 hour at room tem per a -
ture. The other group was fixed in 10% of
neu tral buf fered for ma lin for 15 min utes
and treated with anti-rat p53 mAb for 24
hours at 4ºC or with anti-rat Bax or anti-rat 
Bcl-2 mAbs, for 1 hour at room tem per a -
ture. Monoclonal an ti bod ies were used at a
con cen tra tion of 5 µg/mL. In di rect immu -
no fluorescence was per formed us ing an
FITC-con ju gated F(ab’)2 frag ment rat
anti-mouse IgG for 1 hour at room tem per -
a ture to de ter mine the pres ence of
monoclonal an ti bod ies and an FITC- con ju -
gated F(ab’)2 frag ment goat anti-rab bit IgG 
to de ter mine rab bit an ti bod ies on the re nal
tis sue. Neg a tive con trols were rep re sented
by tis sues ob tained un der the same con di -
tions but in cu bated with an ti bod ies against
nonrelevant pro teins. Sec tions were mount -
ed in a so lu tion of p-phenylenediamine in
PBS-glyc erol and ob served in a flu o res cence 
mi cro scope (Axioskop, Zeiss, Ger many).

Light and elec tron mi cros copy stud ies
For elec tron mi cros copy, re nal pieces

were fixed for 5 hours at room tem per a ture
in 2.5% glutaraldehyde (Merck, Darmstadt,
Ger many) in 0.1 M cacodylate buffer (pH
7.2), rinsed in cacodylate buffer, post fixed
for 1 hour in 2% OsO4, de hy drated in a
graded eth a nol se ries and em bed ded in
EPON 812 (Fluka Chemie, Buchs, Swit zer -

land). Thin sec tions were cut with a di a -
mond knife, col lected on cop per grids and
dou ble stained with ura nyl ac e tate and lead 
ci trate be fore ex am i na tion in a Jeol 1010
elec tron mi cro scope (To kyo, Ja pan). Semi-
thin sec tions on glass slides were stained
with toluidine blue for light mi cros copy
stud ies.

Dou ble stain ing for apoptosis/p53
Re nal frozen sec tions (4 µm) from 1

and 2 weeks PAN rats were fixed in 10%
neu tral-buf fered for ma lin, post-fixed in eth -
a nol-ace tic acid and treated as de scribed in
the apoptosis iden ti fi ca tion sec tion. There -
af ter, sec tions were in cu bated with a
monoclonal an ti body against p53 for 24
hours at 4°C. Tis sues were washed and in cu -
bated with TRITC-la beled rab bit anti-mouse 
IgG an ti body as de scribed above. Re nal sec -
tions were mounted in a so lu tion of
p-phenylenediamine in PBS-glyc erol and ob -
served un der a flu o res cence mi cro scope.

Cal cu la tions and sta tis ti cal anal y sis
Pos i tive cells for TUNEL, Fas, Fas-L,

Bcl2, Bax and p53 were counted in at least
20 glo mer u lar cross sec tions per re nal tis -
sue and in their re spec tive periglomerular
ar eas. Pos i tive in ter sti tial and tu bu lar cells
were counted in at least 20 tubulo -
interstitial ar eas of 0.0625mm2 in each re -
nal sam ple, ex cept for tu bu lar Fas and
Fas-L, when the num ber of pos i tive tu bu lar
cross sec tion per 0.0625 mm2 was counted.
These ob ser va tions were per formed with the
help of an oc u lar piece fit ted with a grid. Re -
sults in the groups are shown as mean ± SD.
Mul ti ple com par i sons were done us ing the
anal y sis of vari ance (ANOVA) test, fol lowed
by Dunnet’s post-test. For cor re la tion be -
tween two vari ables, the Pearson’s cor re la -
tion was used. Two tailed p < 0.05 was con -
sid ered sta tis ti cally sig nif i cant.
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RE SULTS

Re nal apoptosis and apoptosis-as so ci ated
pro tein ex pres sion in PAN

Basal lev els of apoptosis ex pres sion
were found in con trols. In the glomerulus of 
nephrotic an i mals, in creased apoptosis was
ob served at weeks 1 and 2, ac com pa nied
with in creased ex pres sion of p53 (week 1),
Fas and Bax (week 2) (Figs. 1A and 2A, Ta -
ble I). Apoptosis was also in creased in the
periglomerular area at weeks 1 and 2, but
only p53 and Bax were found in creased at
week 2 (Ta ble I and Fig. 2B). In the
interstitium, a sig nif i cant in crease of
apoptotic nu clei and ex pres sion of Fas,

Fas-L and Bax were ob served at week 2 (Ta -
ble I and Figs. 1B and 2C). The num ber of
apoptotic tu bu lar cells was found in creased
at weeks 1 and 2 of nephrosis, ac com pa nied 
with in creased ex pres sion of p53; in ad di -
tion, Fas and Fas-L tu bu lar ex pres sions
were found in creased at week 2 (Ta ble I and 
Figs. 1B and 2D). Bcl-2 was found in creased 
in interstitium and tu bules at weeks 1 and
2, re spec tively (Fig. 2C and 2D). Apoptosis
and AAP ex pres sion val ues re turned to the
nor mal lev els by week 7 of nephrosis.

Re nal apoptosis was also ob served by
elec tron mi cros copy. Glo mer u lar apoptosis
was ob served mainly in en do the lial and ep i -
the lial cells. Fig. 1C shows a glo mer u lar en -
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Fig. 1. Apop to sis-as so cia ted pro tein ex pres sion in the dif fe rent re nal com part ments. In D, va lues
from tu bu lar Fas and Fas-L ex pres sions re pre sent num ber of po si ti ve tu bu lar cross sec tions.
C: Con trols. 1, 2 and 7 re pre sent weeks af ter pu romy cin in jec tion. * p < 0.05; ** p < 0.01.



do the lial cell with apoptotic mor phol ogy.
Apoptotic cells were also ob served in the
dif fer ent tu bu lar seg ments, as well as in the 
interstitium (Fig. 1D). Al ter ations of glo -
mer u lar ep i the lial cells, as loss of foot pro -

cesses were ob served in nephrotic an i mals
(Fig. 1C). Su per fi cial, cy to plas mic and nu -
clear pat terns of immunofluorescence were
ob served when AAP ex pres sion was stud ied
(Fig. 3).
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TABLE I
APOPTOSIS IN PUROMYCIN AMINONUCLEOSIDE NEPHROSIS

Area Control PAN 1 PAN 2 PAN 7

Glomerular 0.09 ± 0.12 0.48 ± 0.15*  0.27 ± 0.07** 0.09 ± 0.03

Periglomerular 0.07 ± 0.05 0.43 ± 0.18* 0.28 ± 0.14* 0.11 ± 0.07

Interstitial 0.51 ± 0.27 1.27 ± 0.17  4.86 ± 1.45* 0.77 ± 0.20

Tubular 2.42 ± 1.95   5.38 ± 1.61** 11.7 ± 2.88* 0.88 ± 0.41
* p < 0.01.     ** p < 0.05.

Fig. 2. Immu no fluo res cen ce lo ca li za tion of apop to sis in glo me ru lus (A: arrows), in ters ti tium (B:
small arrow) and tu bu le (B: thick arrow) by TUNEL. Morp ho lo gi cal evi den ce of apop to sis was
also ob ser ved by elec tron mi cros copy. (C) Apop to tic en dot he lial cell (arrow) in a neph ro tic
rat. Note the ex ten si ve fu sion of foot pro ces ses (as te risk). ep: epit he lial cell; US: uri nary spa -
ce. X 15,000. (D) Inters ti tial (arrows) and tu bu lar (thick arrow) apop to tic cells. Co lla gen fi -
bers (arrow head). tc: nor mal tu bu lar cell; bm: tu bu lar ba se ment mem bra ne. X 10,000.
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Fig. 3. Immunofluorescence of re nal pro-apoptotic pro teins in PAN. (A) In ter sti tial Fas-pos i tive cells
in a nephrotic rat. (B) In creased ex pres sion of Fas pos i tive tu bules was ob served in nephrotic
rats (ar row), note neg a tive tu bules (as ter isk) be side pos i tive tu bules. In creased p53 pos i tive
nu clei were ob served in glomeruli (C: ar rows) and in tu bules (D: ar rows). Bax-pos i tive cells
were ob served in glomeruli (E: ar row) and interstitium (F: ar row).



Proteinuria
All an i mals in jected with PA showed a

sig nif i cant in cre ment of proteinuria at weeks
1 and 2 of nephrosis, re turn ing to nor mal val -
ues by week 7 (con trol: 3.56 ± 2.54; PAN 1
week: 192 ± 81.52 ; PAN 2 week: 201.30 ±
57.18; PAN 7 week: 3.79 ± 2.08 mg/24
hours).

Cor re la tion stud ies
The ex pres sion of apoptosis in the kid -

ney dur ing PAN was cor re lated with pro-
 apoptotic pro tein ex pres sions. Glo mer u lar
apoptosis was cor re lated with p53 ex pres -
sion (p = 0.0004). In the interstitium,
apoptosis was cor re lated with the ex pres -
sion of Fas (p < 0.01), Fas-L (p < 0.0001)
and Bax (p < 0.0002). Tu bu lar apoptosis
was cor re lated with Fas (p < 0.0001), Fas-L 
(p < 0.0001) and p53 (p = 0.0004) ex pres -

sions (Ta ble II). Tu bu lar Bcl-2 ex pres sion
was also cor re lated with apoptosis
(r = 0.5542; p < 0.003). There was cor re la -
tion be tween Fas and Fas-L ex pres sions in
the periglomerular area (p = 0.0003),
interstitium (p < 0.01) and tu bules
(p < 0.0001) (Ta ble III). There was not cor -
re la tion be tween Bax and Bcl-2 ex pres sions
or be tween Bax and p53 ex pres sions.
Apoptosis in the dif fer ent re nal com part -
ments was cor re lated with in ten sity of
proteinuria (glo mer u lar: p < 0.0001; peri -
glomerular: p < 0.0001; in ter sti tial:
p = 0.001 and tu bu lar: p = 0.001). In this
re gard, Fas tu bu lar (p = 0.0004), Fas-L in -
ter sti tial (p = 0.003) and Fas-L tu bu lar
(p = 0.002) ex pres sions were cor re lated
with proteinuria. Glo mer u lar (p = 0.002)
and tu bu lar (p = 0.0006) ex pres sions were
also cor re lated with proteinuria. There was
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TABLE II
CORRELATION BETWEEN APOPTOSIS AND PRO-APOPTOTIC PROTEIN EXPRESSION

IN ACUTE PAN

Protein expression Area Pearson r P values

            Fas Glom 0.0591 NS

            Fas-L Glom 0.0468 NS

            p53 Glom 0.6394 0.0004

            Bax Glom 0.0223 NS

            Fas Per –0.0536 NS

            Fas-L Per 0.2449 NS

            p53 Per 0.1371 NS

            Bax Per –0.0118 NS

            Fas Int 0.4846 < 0.01    

            Fas-L Int 0.6959 < 0.0001

            p53 Int 0.0929 NS

            Bax Int 0.6593 < 0.0002

            Fas Tub 0.6967 < 0.0001

            Fas-L Tub 0.7547 < 0.0001

            p53 Tub 0.6427     0.0004
Glom: Glo me ru lar.    Per: pe ri glo me ru lar.    Int: in ters ti tial.    Tub: tu bu lar.



not cor re la tion be tween Bax ex pres sion and 
proteinuria (Ta ble IV). In gen eral, the ex -
pres sion of apoptosis in the dif fer ent com -
part ments was ac com pa nied and cor re lated 
with apoptosis-as so ci ated pro teins and
proteinuria.

Dou ble stain ing stud ies
To de ter mine the num ber of p53 pos i -

tive cells un der go ing apoptosis a dou ble
stain ing for TUNEL and p53 was per formed. 
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TABLE III
CORRELATION BETWEEN FAS EXPRESSION

AND FAS-L EXPRESSION IN ACUTE PAN

Area Pearson r P values

Glomerular 0.1333 NS

Periglomerular 0.6494     0.0003

Interstitial 0.4628 < 0.01    

Tubular 0.7055 < 0.0001

TABLE IV
CORRELATION BETWEEN APOPTOSIS AND APOPTOSIS-ASSOCIATED PROTEINS

WITH PROTEINURIA

Tissue expression Pearson r P values

            Apoptosis
                 Glomerular
                 Periglomerular
                 Interstitial
                 Tubular

0.7768
0.7891
0.6065
0.6053

< 0.0001
< 0.0001

0.001
0.001

            Fas
                 Glomerular
                 Periglomerular
                 Interstitial
                 Tubular

0.4547
-0.1818
0.2579
0.6418

NS
NS
NS

0.0004

            Fas-L
                 Glomerular
                 Periglomerular
                 Interstitial
                 Tubular

0.0798
-0.0312
0.5481
0.5617

NS
NS

0.003
0.002

            p53
                 Glomerular
                 Periglomerular
                 Interstitial
                 Tubular

0.5599
0.3251
0.2435
0.6248

0.002
NS
NS

0.0006

            Bax
                 Glomerular
                 Periglomerular
                 Interstitial

0.1072
0.0447
0.1533

NS
NS
NS

            Bcl-2
                 Glomerular
                 Periglomerular
                 Interstitial
                 Tubular

0.0856
0.2034
0.3951
0.1520

NS
NS

0.04
NS



About 4% of glo mer u lar p53 pos i tive cells
(week 1) and 25% of tu bu lar p53 pos i tive
cells (weeks 1 and 2) were apoptotic cells
(Ta ble V and Fig. 4).

DIS CUS SION

In creased ex pres sion of apoptosis and
its pos si ble par tic i pa tion in the res o lu tion
of infiltrative and proliferative events dur -
ing acute PAN in rats have been re ported
(7). In this study, we showed that the in ci -
dence of apoptosis in glomerulus,
interstitium and tu bules was ac com pa nied
and cor re lated with in creased ex pres sion of
apoptosis pro mot ing (Fas, Fas-L, p53 and
Bax) and block ing (Bcl-2) pro teins. The Fas 
death re cep tor is a mem ber of the tu mor
ne cro sis fac tor fam ily and may be ex pressed 
by re nal tu bu lar cells, in ter sti tial fibroblasts 
and in fil trat ing leu ko cytes, all of which may 
also ex press Fas ligand. Bind ing of Fas
ligand to cell sur face Fas leads to ac ti va tion 
of the caspase pro te ase cas cade with sub se -
quent cleav age of nu mer ous intracellular
pro teins re sult ing in apoptosis (9-11). A
body of ex per i men tal data in di cates a role
for Fas/FasL sys tem in tubulointerstitial
dis ease (12). The par al lel ex pres sion of

apoptosis and Fas or Fas-L in the glo mer u -
lar, in ter sti tial and tu bu lar com part ments
dur ing PAN sug gests that the Fas/FasL sys -
tem could be in volved in the apoptotic
events in PAN. The high cor re la tion be -
tween apoptosis and the ex pres sion of
Fas/FasL sys tem in interstitium and tu bules 
sug gests that pro posal. Fas and FasL could
be co-ex pressed dur ing PAN as sug gested by 
the cor re la tion be tween both pro tein ex -
pres sions in the tubulointerstitial area and
can in volve in ter sti tial leu ko cytes and
myofibroblasts (13).

The par al lel changes be tween pro lif er -
a tion de tected by the ex pres sion of the pro -
lif er at ing cell nu clear an ti gen (PCNA) and
those re lated to apoptosis are in trigu ing.
The pro lif er a tion stim u lus can lead to the
pro duc tion of death sig nals that make cells
more sen si tive to un dergo apoptosis (14,
15). Apoptosis can be ac com pa nied by the
ex pres sion of early cell-cy cle genes fol lowed 
by the tran si tion of the cell to the G1/S
bor der when it is ex pressed PCNA (16). One 
of the most im por tant links be tween the
pro lif er a tion and cell death ma chin ery is
the tu mor sup pres sor p53 pro tein, which
pro motes cell cy cle ar rest or apoptosis in
re sponse to DNA dam age or a strong stim u -
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TABLE V
GLOMERULAR AND TUBULAR DOUBLE STAINING FOR APOPTOSIS AND P53 IN ACUTE PAN

Ani mal Week 1 Ani mal Week 2

Glom Tub Glom Tub

R1 0 36.36 R7 0 19.40

R2 10.53 31.80 R8 0 30

R3 0 25 R9 0 35

R4 15.4  18.50 R10 0 20

R5 0 24.14 R11 0 28.2 

R6 0 16.67

Total 4.36 ± 6.27 25.41 ± 6.91 0 26.52 ± 6.0
Data re pre sent per cen ta ge of p53 po si ti ve cells also po si ti ve for TUNEL stai ning.    
Glom: glo me ru lus.    Tub: tu bu le.



lus to pro lif er ate (17, 18). In this study, in -
creased in ci dence of apoptosis in
glomerulus, periglomerular area and tu bule 
was ac com pa nied with in creased ex pres sion 
of p53. Both events were highly cor re lated
in glo mer u lar and tu bu lar com part ments
and dou ble stain ing stud ies ad dress the
pos si bil ity that apoptosis and p53 pro tein
can be co-ex pressed. These data sug gest
that pro lif er at ing cells dur ing PAN could
overexpress p53 lead ing to apoptosis. In
this re gard, we pre vi ously showed that pro -

lif er a tion and apoptosis may be a com mon
cel lu lar event in PAN, sup ported by the ob -
ser va tion that cells ex press ing PCNA were
also pos i tive for TUNEL stain ing (7). In ad -
di tion, in creased re nal apoptosis cor re lated
with in creased proliferative ac tiv ity
(PCNA+ cells), has been re ported in sev eral 
ex per i men tal and hu man re nal pa thol o gies
(19-21). Since p53 holds a dam aged cell in
G1 while the dam age is re paired and cells
which try to op pose the G1 block may end
up by ac ti vat ing the sui cide path way (3),
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Fig. 4. Dou ble stained frozen sec tions from a nephrotic rat kid ney for TUNEL (A and C) and p53 (B
and D). A glo mer u lar TUNEL pos i tive cell in A (ar row) cor re sponds with a p53 pos i tive cell in
B (ar row). In C, a tu bu lar TUNEL pos i tive cell (ar row) cor re spond with a p53 pos i tive cells in
D (ar row). Re nal tis sues in A and C were treated with FITC-la beled nu cleo tides and tis sues in
B and D with a TRITC-la beled an ti body against mouse IgG.



the rel a tive low per cent age of TUNEL/p53
pos i tive cells (about 4% in glomeruli and
25% in tu bules) sug gests that a high per -
cent age of cells af ter the in duc tion of p53
ac cu mu la tion, re paired the DNA dam age
and es caped from apoptosis dur ing the
course of PAN. p53 also func tions as a tran -
scrip tion fac tor for Bax and in some cells
Bax can be ex pressed in a p53-de pend ent
man ner (22, 23). We could not find co-ex -
pres sion or cor re la tion in the ex pres sion of
both pro teins dur ing this study, sug gest ing
that ex pres sion of Bax was not p53-de pend -
ent.

Bcl-2 was the first gene shown to be
spe cif i cally in volved in the pro cess of
apoptosis. It can in hibit apoptosis of many
cells trig gered by di verse eti ol ogy. Bax, hav -
ing a struc tural sim i lar ity to Bcl-2, is able
to an tag o nize the pro tec tion of fered by
Bcl-2 (24). The bal ance of Bcl-2/Bax ex -
pres sion may be crit i cal in the course of hu -
man glo mer u lar dis ease (25). Since there
was not co-ex pres sion or cor re la tion be -
tween Bcl-2 and Bax dur ing this study, the
Bax antagonic ef fect on Bcl-2 could not be
pres ent. As an un ex pected find ing, Bcl-2
was highly cor re lated with tu bu lar
apoptosis (r = 0.5542; p < 0.003). The ex -
pres sion of this anti-apoptotic pro tein in tu -
bules could in di cate that re nal cells ex -
posed to apoptotic stim uli dur ing PAN may
over ex press Bcl-2 to pre vent from en ter ing
to apoptosis. A sim i lar cor re la tion has been
re ported in the glomerulus dur ing the
course of an ex per i men tal model of fo cal
seg men tal glomerulosclerosis by puromycin 
(26). Bcl-2 has also been shown to pre vent
cells from apoptosis in duced by re ac tive ox -
y gen spe cies ap par ently by an antioxidative
mech a nism (27). The up reg u la tion of Bcl-2 
in this study could be pro tec tive dur ing the
gen er a tion of re ac tive ox y gen spe cies re -
ported in PAN (28-30).

It is im por tant to note that the ex pres -
sion of apoptosis and AAP var ied in the dif -

fer ent re nal com part ments dur ing this
study. We have no clear ex pla na tion for this 
find ing, but the na ture of the re nal in jury
could be in volved. In the glomerulus, the
toxic ef fect of PA on ep i the lial cells could
in duce typ i cal mor pho log i cal al ter ations
and apoptosis (7, 26, 31-35). Our find ings
agree with those ob ser va tions, since ultra -
structural fea tures of apoptosis and vac u ol -
iza tion, loss of foot pro cesses and podocyte
ef face ment of ep i the lial cells were ob served
in the glomerulus. In ad di tion to the PA ef -
fect, glo mer u lar apoptosis can be in duced
by cytokines, granenzymes and rad i cal ox y -
gen spe cies from leu ko cyte in fil tra tion dur -
ing PAN (5, 29, 30, 32). In the interstitium, 
cel lu lar in fil tra tion can be in volved in the
apoptotic events. Pre vi ous stud ies have
shown an in creased num ber of T-cytotoxic/
sup pres sor cells, nat u ral killer cells and
monocyte/macrophages in rats dur ing the
course of PAN (35, 36). In the tu bu lar com -
part ment, the in ter ac tion be tween in ter sti -
tial and tu bu lar cells could be a source of
apoptotic stim uli for both types of cells
(35-37). Al ter na tively, dam age to tu bu lar
ep i the lial cells by fil tered pro teins may rep -
re sent an other apoptotic stim u lus. Na tive
se rum al bu min with its lipidic com po nents
elic ited apoptosis of tu bu lar ep i the lial cells
(38, 39). In this re gard, in creased ac tiv ity
of two cysteine pro teas es in the prox i mal
tu bules in rats with PAN has been re ported
(40). In ad di tion to apoptotic stim uli, glo -
mer u lar, in ter sti tial and tu bu lar com part -
ments have dif fer ent types of cells and the
re sponse to apoptotic stim u la tion could be
also me di ated by cel lu lar type and cel lu lar
phe no type (pro lif er a tion) (14, 15).

Apoptosis and AAP ex pres sion val ues
re turned to the nor mal lev els by week 7 of
nephrosis. In the glo mer u lar re cov ery could 
be in volved the pro lif er a tion of podocytes in 
or der to re es tab lish the nor mal num ber of
cells af ter the apoptotic changes. De tach -
ment of de gen er ated podocytes from the
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out side of the glo mer u lar base ment mem -
brane is the first step, there af ter, podocytes 
in glomeruli of nephrotic rats can pro lif er -
ate (41). Pro lif er a tion could have an im por -
tant role in the re cov ery since in suf fi cient
pro lif er a tion in podocytes may be in volved
in the pro gres sion of fo cal seg men tal
glomerulosclerosis (26). Glo mer u lar PCNA
pos i tive cells have been re ported dur ing
PAN (7) and they have been re lated to ep i -
the lial cell pro lif er a tion (42). Re cov ery
from the change in podocyte con fig u ra tion
be gins with the for ma tion of new foot pro -
cesses (43) and cytoskeletal pro teins very
likely play a cen tral role in these changes
since they are pri mar ily re spon si ble for the
main te nance of cell struc ture in al most all
cells (44). In this re gard, mem brane-bound
form microtubule-as so ci ated pro tein 1 light 
chain 3 in creases in podocytes dur ing the
dif fer en ti a tion and re cov ery from puromycin
aminonucleoside-in duced nephrosis (45).

Our study dem on strates that in creased 
apoptosis in PAN is in close as so ci a tion with 
the up-reg u la tion of the cell death-pro mot -
ing pro teins Fas, Fas ligand, p53 and Bax.
The in creased ex pres sion of Bcl-2 could be
a pro tec tion against apoptotic stim uli dur -
ing PAN. Fur ther in ves ti ga tions are re -
quired to de ter mine the apoptotic stim uli
ca pa ble of in duc ing the ex pres sion of
apoptosis and apoptosis reg u la tory genes in 
the dif fer ent re nal com part ments.
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