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Abstract

The aim of the present study was to investigate the expression of a-
smooth muscle actin (a-SM-actin) and proliferating cell nuclear anti-
gen (PCNA) in renal cortex from patients with focal segmental
glomerulosclerosis (FSGS) and their correlations with parameters of
renal disease progression. We analyzed renal biopsies from 41 patients
with idiopathic FSGS and from 14 control individuals. The a-SM-
actin immunoreaction was evaluated using a score that reflected the
changes in the extent and intensity of staining in the glomerular or
cortical area. The PCNA reaction was quantified by counting the
labeled cells of the glomeruli or renal cortex. The results, reported as
median ± percentile (25th; 75th), showed that the a-SM-actin scores
in the glomeruli and tubulointerstitium from the renal cortex were 2.0
(2.0; 4.0) and 3.0 (3.0; 4.0), respectively, in patients with FSGS, and
0.5 (0.0; 1.0) and 0.0 (0.0; 0.5) in the controls. The number of PCNA-
positive cells per glomerulus and graded field of tubulointerstitium
from the renal cortex was 0.2 (0.0; 0.4) and 1.1 (0.3; 2.2), respectively,
for patients with FSGS, and 0.0 (0.0; 0.5) and 0.0 (0.0; 0.0) for
controls. The present data showed an increase of a-SM-actin and
PCNA expression in glomeruli and renal cortex from FSGS patients.
The extent of immunoreaction for a-SM-actin in the tubulointerstitial
area was correlated with the intensity of proteinuria. However, there
was no correlation between the kidney expression of these proteins
and the reciprocal of plasma creatinine level or renal fibrosis. These
findings suggest that the immunohistochemical alterations may be
reversible.

Correspondence
T.M. Coimbra

Departamento de Fisiologia

FMRP, USP

Av. Bandeirantes, 3900

14049-900 Ribeirão Preto, SP

Brasil

Fax: +55-16-633-0017

E-mail: tmcoimbr@fmrp.usp.br

T.M. Coimbra and R.S. Costa

were recipients of CNPq

fellowships. Publication

supported by FAPESP.

Received August 11, 2000

Accepted May 17, 2001

Key words
· a-Smooth muscle actin
· Proliferating cell nuclear

antigen
· PCNA
· Focal segmental

glomerulosclerosis
· Proteinuria
· Renal failure
· Renal disease progression
· Renal fibrosis

Introduction

The progression of renal disease depends,
among other factors, on the interaction be-
tween kidney cells and cytokines (1). Cyto-
kines act on renal cells (tubular cells, mesan-

gial cells and fibroblasts) by inducing prolif-
eration and modifying their phenotypes.
These cells start to express a-smooth muscle
actin (a-SM-actin) and increase the produc-
tion of collagen and other extracellular ma-
trix components (1-3). Therefore, the increase



986

Braz J Med Biol Res 34(8) 2001

T.J.M. Geleilete et al.

of proliferating cell nuclear antigen (PCNA)
and a-SM-actin expression by renal cells
may be related to renal disease progression.
However, although some studies have sug-
gested that markers of renal cell activation
and proliferation such as immunostaining of
renal biopsies for a-SM-actin and PCNA
might be useful diagnostic and/or prognostic
indicators in glomerular diseases (3-5), other
studies have shown that these immunohisto-
chemical changes observed during renal dis-
ease may be reversible (6-8).

The a-SM-actin isoform is normally ex-
pressed by vascular smooth muscle cells but
interstitial fibroblasts and mesangial and tu-
bular cells can also express this protein in a
variety of glomerular diseases. There is some
experimental evidence suggesting that trans-
forming growth factor-ß (TGF-ß) and plate-
let-derived growth factor (PDGF) can in-
duce phenotypic modifications of these cells
(9,10). The a-SM-actin synthesis upregu-
lated by these cells is frequently associated
with increased cell proliferation and in-
creased extracellular matrix production (1,5,
8,11). PCNA is an acidic nuclear protein
whose levels are increased from the late G1
to the S phase of the cell cycle and whose
detection parallels other standard methods
of assessing cell proliferation such as BrdU
labeling and Ki-67 staining (12,13). The aim
of the present study was to investigate the
expression of a-SM-actin and PCNA in re-
nal cortex from patients with focal segmen-
tal glomerulosclerosis (FSGS) and from con-
trol individuals and their correlations with
parameters of renal disease progression.

Subjects and Methods

Subjects

We analyzed renal biopsies from patients
with idiopathic FSGS (N = 41, 19 males and
22 females) and from 14 control individuals
obtained between 1987 and 1998 at the Uni-
versity Hospital of Ribeirão Preto. The study

was started in February 1998 and patient
follow-up ranged from 2 to 120 months (mean
± SEM, 43.6 ± 6 months). Each patient was
submitted to only one biopsy. The diagnosis
of idiopathic FSGS was based on the exclu-
sion by clinical and laboratory evaluation of
possible causes of secondary FSGS such as
syphilis, hepatitis B and C virus infection,
HIV, neoplastic diseases, systemic lupus
erythematosus, and other collagen diseases.
The preserved renal areas of patients submit-
ted to nephrectomy were used as control.
The age range of the patients was 3-74 years
and the age range of the controls was 2-79
years. Patient plasma creatinine levels ranged
from 0.4 to 3.4 mg/dl and proteinuria from
1.0 to 20.8 g/24 h. Plasma creatinine and
proteinuria were determined at least every
three months during the evolution of the
disease. Twenty-two patients presented high
arterial pressure (systolic pressure >140
mmHg and diastolic pressure >90 mmHg).
After the biopsy, 27 patients were treated
with a daily high dose of prednisone (1 mg
kg-1 day-1) for 8 weeks. Seven of them pre-
sented partial remission (proteinuria <3 g/24
h) and three complete remission (proteinuria
<0.3 g/24 h). Cyclophosphamide therapy was
introduced for patients with steroid-unre-
sponsive FSGS (proteinuria >3.5 g/24 h) or
with relapse (proteinuria >3 g/24 h). How-
ever, 17 of these patients failed to respond to
treatment. All control subjects had normal
plasma creatinine levels (mean ± SEM, 0.80
± 0.17 mg/dl) and normal arterial pressure
and none had urinary abnormalities (pro-
teinuria was not detected by routine meth-
ods). The research was approved by the Eth-
ics Committee of the University Hospital of
Ribeirão Preto and written informed consent
was obtained from all the participants in the
study.

Morphological and immunofluorescence
evaluation

The tissue obtained by renal biopsy from
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41 patients with idiopathic FSGS was fixed
in Bouin�s solution, embedded in paraffin,
cut into 4-µm sections and stained with he-
matoxylin and eosin, Masson trichrome and
methenamine silver. Immunofluorescence
analysis of all biopsies was also performed
using anti-IgG, anti-IgA, anti-IgM, anti-C3,
anti-C1q, anti-kappa, anti-lambda and anti-
fibrinogen antibodies in order to confirm the
diagnosis. The percentage of glomeruli ex-
hibiting focal or global glomerular sclerosis
was determined for each biopsy. The num-
ber of glomeruli per biopsy ranged from 5 to
30 (12 ± 7 glomeruli/biopsy). Tubulointer-
stitial fibrosis was scored as 1 = absent, 2 =
mild and focal, 3 = moderate and focal, 4 =
severe and focal or mild and diffuse, and 5 =
severe and diffuse.

Immunohistochemical studies

The immunohistochemical studies were
performed using a murine monoclonal anti-
body to an NH2-terminal synthetic form of
a-SM-actin (Dako, Glostrup, Denmark) or a
monoclonal anti-PCNA antibody (Sigma
Chemical Co., St. Louis, MO, USA). Four-
micrometer sections of biopsy tissue fixed in
Bouin�s solution were processed by an indi-
rect immunoperoxidase technique as de-
scribed (14).

Sections were incubated overnight at 4oC
with 1:1000 a-SM-actin antibody or for 30
min at room temperature with anti-PCNA
antibody. The reaction product was detected
with an avidin-biotin-peroxidase complex
(Vector Labs., Burlingame, CA, USA). The
color reaction was developed with 3,3-di-
aminobenzidine (Sigma), and the material
was counterstained with methyl green
(Sigma), dehydrated and mounted. Negative
controls consisted of the omission of the
primary antibody in the reaction and of sub-
stitution of primary antibody with equiva-
lent concentrations of normal murine IgG.
Glomerular expression of a-SM-actin was
graded semi-quantitatively according to the

following scale (15): 0 = none, 1 = trace
mesangial staining, 2 = weak, segmental
mesangial staining, usually involving a small
minority of glomeruli present, 3 = strong,
segmental mesangial staining, usually in-
volving a majority of glomeruli present, and
4 = strong, diffuse mesangial staining, usu-
ally involving all glomeruli present. The a-
SM-actin immunoreaction in the tubulo-
interstitium of the renal cortex was scored as
follows: 0 = absent staining, 1 = weak stain-
ing with focal distribution, 2 = moderate
with focal distribution, 3 = strong with focal
distribution or weak and diffuse, and 4 =
strong and diffuse. A score was assigned to
each biopsy, mainly reflecting the changes
in the extent rather than intensity of staining.
The PCNA reaction was quantified by count-
ing the labeled cells of the glomerular tufts
or grid field from the renal cortex, measuring
0.1885 mm2 each, and the mean score per
biopsy was calculated by dividing the num-
ber of PCNA-positive cells of glomeruli or
cortex, respectively, by the number of glo-
meruli or fields present in each biopsy. The
number of fields analyzed per biopsy ranged
from 6 to 62 (mean, 18.3).

Determination of plasma creatinine

Plasma creatinine was measured by the
Jaffé method (16) and the plasma creatinine
level at the time of biopsy was used to deter-
mine any correlation between staining for a-
SM-actin or PCNA in renal cortex and
1/plasma creatinine (1/Pcreat).

Statistical analysis

The Spearman correlation coefficient for
nonparametric data was used to determine
any significant correlation between staining
for a-SM-actin or PCNA in the renal cortex
and glomeruli and some parameters of renal
function and structure of patients with FSGS.
The data concerning a-SM-actin score and
PCNA obtained from control individuals and
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glomeruli with sclerosis, a-SM-actin scores,
and PCNA in the renal cortex and glomeruli
are expressed as median and percentile (25th;
75th).

Results

We observed that the percentage of glo-
meruli with sclerosis was 44.5 (25.0; 68.3)
and the score for tubulointerstitial fibrosis
was 2.0 (1.0; 3.0). The plasma creatinine of
these patients was 1.62 ± 0.18 mg/dl (mean ±
SEM) at the time of biopsy and 3.26 ± 0.61
mg/dl at the last determination. We found a
negative correlation between 1/Pcreat at the
time of biopsy and the score for tubulointer-
stitial fibrosis (r = -0.463, P = 0.002). Eigh-
teen of the patients presented a decline of
renal function within 43.6 ± 6.00 months,
with a plasma creatinine level >2.00 mg/dl at
the last evaluation. Proteinuria was 7.36 ±
0.65 g/24 h (mean ± SEM) at the time of
biopsy and 4.72 ± 1.42 mg/24 h at the last
determination, and we did not observe any
correlation between proteinuria and 1/Pcreat

at the time of biopsy or the score for tubulo-
interstitial fibrosis.

Our data also showed an increase of a-
SM-actin expression in glomeruli and in the
tubulointerstitial area from the renal cortex
and of PCNA expression in the tubulointersti-
tial area from the renal cortex of FSGS patients
(Table 1, Figures 1, 2, 3 and 4) (P<0.001). a-
SM-actin expression in the glomeruli from
these patients was correlated with PCNA ex-
pression (r = 0.47, P = 0.003). We also ob-
served that the immunoreaction for a-SM-
actin in the tubulointerstitial area was corre-
lated with the intensity of proteinuria at the
time of biopsy in FSGS patients (r = 0.363, P =
0.021) (Figure 5). However, we did not find
any correlation between the kidney expression
of these proteins and 1/Pcreat at the time of
biopsy or between the expression of a-SM-
actin or PCNA in the glomeruli and tubuloin-
terstitial area and the percentage of glomerulo-
sclerosis or the score for tubulointerstitial fi-

Table 1. Expression of a-smooth muscle actin (a-SM-actin)and proliferating cell nuclear
antigen (PCNA) (positive cells/glomerulus or per graded field) in glomeruli or in the
tubulointerstitial area (TI) from the renal cortex of patients with focal segmental
glomerulosclerosis (FSGS) and of control individuals.

a-SM-actin (score) PCNA (positive cells)

Glomeruli TI Glomeruli TI

FSGS 2.0 (2.0; 4.0)* 3.0 (3.0; 4.0)* 0.2 (0.0; 0.4) 1.1 (0.3; 2.2)*
Control 0.5 (0.0; 1.0) 0.0 (0.0; 0.5) 0.0 (0.0; 0.5) 0.0 (0.0; 0.0)

Data are reported as median and percentile (25th; 75th).
*P<0.001 compared to control (Mann-Whitney test).

Figure 1. Expression of a-
smooth muscle actin (a-SM-ac-
tin) in glomeruli (G) or in the tu-
bulointerstitial area (TI) from the
renal cortex of patients with fo-
cal segmental glomerulosclero-
sis (FSGS, N = 41) and of control
individuals (C, N = 14). The me-
dian is shown as a horizontal
line.

Im
m

un
os

ta
in

in
g 

sc
or

es
 f

or
 a

-S
M

-a
ct

in 4

3

2

1

0

C-G FSGS-G C-TI FSGS-TI

Figure 2. Expression of prolifer-
ating cell nuclear antigen (PCNA)
(positive cells/glomerulus or per
graded field) in glomeruli (G) or
in the tubulointerstitial area (TI)
from the renal cortex of patients
with focal segmental glomerulo-
sclerosis (FSGS, N = 41) and of
control individuals (C, N = 8). The
median is shown as a horizontal
line. P
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from patients with FSGS were submitted to
the Mann-Whitney test. The level of signifi-
cance considered was P<0.050. Plasma crea-
tinine and albumin data are expressed as
mean ± SEM and the data concerning scores
for tubulointerstitial fibrosis, percentage of
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brosis in the kidneys of these patients. We also
did not observe any correlation between the
kidney expression of a-SM-actin or PCNA in
the glomeruli and tubulointerstitial area and
blood pressure at the time of biopsy or the
response to treatment.

Discussion

Our data showed an increase of a-SM-
actin expression in glomeruli and tubuloin-
terstitial area from the renal cortex and of
PCNA in the tubulointerstitial area from the
renal cortex of idiopathic FSGS patients.
Increased expression of these proteins dur-
ing the evolution of glomerular disease was
observed by several investigators (2-8). These
alterations were probably induced by some
cytokines like TGF-ß and PDGF and by en-
dothelin and angiotensin II and were related
to renal injury (1,9,10). Increased renal con-
tent and production of these polypeptides
have been observed in several glomerular
diseases (1,14,17-22), probably induced by
glomerular hypertension or hypertrophy,
macrophage infiltration, high renal levels of
angiotensin and proteinuria observed in these
patients (1,14,23-26).

We also observed that the immunoreac-
tion for a-SM-actin in the tubulointerstitial
area was correlated with the intensity of
proteinuria at the time of biopsy in idio-
pathic FSGS patients. This fact suggests that
the renal handling of protein induced activa-
tion of the interstitial cells. It has been sug-
gested that proteins filtered by the glomeruli
could be toxic for tubule cells (27-29). Stud-
ies with tubule cell cultures have shown that
some proteins such as IgG and albumin in-
duce an increase in the production of inflam-
matory and vasoactive factors (27,28). This
observation can explain why greater protein-
uria is frequently associated with more se-
vere tubulointerstitial damage.

We did not find any correlation between
the kidney expression of a-SM-actin or
PCNA and 1/Pcreat at the time of biopsy. This

Figure 3. Immunolocalization of
a-smooth muscle actin (a-SM-
actin) in the renal cortex from a
control individual (A) and from a
patient with focal segmental
glomerulosclerosis (B) using an
anti-a-SM-actin antibody. Note
in A that the reaction was ob-
served only in vascular muscle
cells (score 0) and in B there is
strong and diffuse staining in-
volving a majority of glomeruli
and the renal cortex (score 4)
(original magnification: 250X).

Figure 4. Immunolocalization of
proliferating cell nuclear antigen
(PCNA) in the renal cortex from
a patient with focal segmental
glomerulosclerosis using an anti-
PCNA antibody. Note the pres-
ence of more than 2 PCNA-posi-
tive cells per glomerulus and tu-
bulointerstitial area, while the
control shows less than 1 PCNA-
positive cell per glomerulus or
tubulointerstitial area (original
magnification: 250X).

Figure 5. Correlation between
a-smooth muscle actin (a-SM-
actin) score in the tubulointer-
stitial area from the renal cortex
and proteinuria at the time of
biopsy (r = 0.363, P = 0.021).

S
co

re
 f

or
 a

-S
M

-a
ct

in

4

3

1

0
0 5 10 15

2

20

Proteinuria (mg/24 h)

finding might be explained, in part, by the
possibility that these alterations detected by
immunohistochemical techniques are revers-
ible. Although some studies have suggested
that markers of renal cell activation and pro-
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reduced during the evolution of renal dis-
ease to fibrosis or to recovery. On the other
hand, we also have to consider that 18 of
these patients presented loss of renal func-
tion within a relatively short time (43.60 ±
6.00 months).

a-SM-actin expression in the glomeruli
was correlated with PCNA expression, as
also reported by Johnson et al. (11). These
investigators found that a-SM-actin expres-
sion by mesangial cells was associated with
active proliferation of these cells.

The present data show an increase of a-
SM-actin expression in glomeruli and tubu-
lointerstitial area from the renal cortex and
of PCNA in the tubulointerstitial area from
the renal cortex of idiopathic FSGS patients.
We also observed that the immunoreaction
for a-SM-actin in the tubulointerstitial area
was correlated with the intensity of protein-
uria in FSGS patients. However, we did not
find any correlation between the kidney ex-
pression of these proteins and 1/Pcreat level at
the time of biopsy or renal fibrosis.
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liferation such as a-SM-actin and PCNA
might be useful diagnostic and prognostic
indicators in glomerular diseases, there are
some studies showing that these alterations
detected by immunochemical techniques in
renal diseases can be reduced during the
evolution to fibrosis or to recovery (6-8).
Hattori et al. (8) performed repeat renal bi-
opsies in patients with FSGS with cellular
lesions and observed reduced glomerular a-
SM-actin expression associated with pro-
gression to glomerular scar formation. Groma
et al. (7) demonstrated increased a-SM-ac-
tin expression in types of glomerulonephritis
with different prognosis. Boukhalfa et al.
(6), after studying several glomerulopathies,
concluded that a-SM-actin expression in the
interstitial area was correlated with intersti-
tial fibrosis but a-SM-actin expression in the
glomeruli was reduced with the progression
of glomerulosclerosis. We also did not ob-
serve any correlation between the kidney
expression of a-SM-actin or PCNA in the
glomeruli and tubulointerstitial area and the
percentage of glomerulosclerosis or the score
for tubulointerstitial fibrosis in the kidneys
of these patients. Taken together, these find-
ings suggest that the cellular activation veri-
fied during the course of renal disease, al-
though important for renal damage, can be
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