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Summary
 Background: In a healthy kidney, contractile protein alpha-smooth muscle actin (ASMA) is immunohistochem-

ically strongly expressed only in the blood vessels, while in pathological conditions it can be visu-
alized in glomerular mesangial cells and interstitial myofibroblasts. The aim of this study was to 
explore the possible correlation between expression of ASMA in glomerulonephritis (GN) and in-
dicators of renal function.

 Material/Methods: We analyzed expression of ASMA in percutaneous renal biopsy of 142 adult and pediatric patients 
with GN and its correlation with blood pressure, serum creatinine, creatinine clearance and 24-hour 
urine protein at the time of biopsy. Immunoexpression of ASMA was analyzed quantitatively us-
ing computer-assisted morphometric analysis. Relative surface of ASMA expression in all glomer-
uli and interstitium was calculated for each patient.

 Results: In adults and children, greater expression of ASMA in interstitium was associated with higher se-
rum creatinine and reduced creatinine clearance. Conversely, greater ASMA expression in glom-
eruli was associated with normal or decreased serum creatinine in adults and increased creatinine 
clearance in children. In children, correlation was found between high blood pressure and ASMA 
expression in interstitium.

 Conclusions: We confirmed that interstitial expression of ASMA is associated with reduced renal function at time 
of biopsy. The connection of ASMA expression in glomeruli with lower serum creatinine and nor-
mal or increased creatinine clearance suggests a favorable role of this phenotypic change in glo-
merular filtration rate; further investigation is needed.
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Background

In the normal kidney, immunohistochemical expression of 
contractile protein alpha-smooth muscle actin (ASMA) is 
limited to the vascular smooth muscle cells. In pathologi-
cal conditions, the expression of ASMA is found in the glo-
merular mesangial cells and the interstitial myofibroblasts 
[1]. The first experimental publication on this subject, by 
Johnson et al, involved a series of clinical studies on the role 
of ASMA in diffuse renal diseases [2]. In 1992 Alpers and 
colleagues found higher expression of ASMA in prolifera-
tive types of glomerulonephritis GN [3]. In IgA nephrop-
athy, ASMA expression in interstitium is related to dam-
aged renal function and progression of disease [4,5]. The 
expression of ASMA in interstitial myofibroblasts helps to 
differentiate between minimal change disease and the early 
phase of idiopathic membranous GN [6]. In patients with 
IgA nephropathy, higher mesangial expression of ASMA 
predicts a progressive decline in renal function [7]. In fo-
cal segmental glomerulosclerosis, increased expression of 
ASMA in interstitium was associated with greater protein-
uria [8]. Expression of ASMA is a useful predictive mark-
er in lupus nephritis [9]. Today, interest in the ASMA is in-
creasing due to the fact that the ASMA in cytoplasm of the 
podocytes is associated with nephrin and thus is indirectly 
involved in the glomerular filtration barrier [10]. ASMA is 
analyzed in various types of GN together with markers such 
as metalloproteinase and nestin in investigation of tissue re-
modulation and epithelial-mesenchymal transition [11,12].

To our best knowledge, this is the first morphometrical 
study of the correlation of ASMA expression in GN and re-
nal function at the time of biopsy.

Material and Methods

Patients

This retrospective study analyzed 142 patients – 82 adults 
and 60 children – who underwent percutaneous renal biop-
sy in the Department of Internal Medicine and Department 
of Pediatrics, University Hospital, Split, Croatia in the pe-
riod from 1994 to 2007. Age range was 1–18 years for chil-
dren and 19–73 years for adults. Patients’ data were collect-
ed from the hospital records. Due to the small numbers 
of each type of GN in the sample, pathological diagnoses 
were classified into 2 categories – proliferative glomerulo-
nephritis (PG) in 98 cases and non-proliferative glomeru-
lonephritis (NPG) in 44 cases. In the PG category were: 29 
IgA nephropathy, 24 mesangioproliferative GN, 11 Henoch-
Schöenlein purpura, 9 focal segmental GN, 6 rapidly pro-
gressive GN, 6 endoproliferative GN and 6 lupus nephritis, 
4 membranoproliferative GN and 1 hemolytic uremic syn-
drome, 1 Alport syndrome and 1 Churg-Strauss syndrome. 
In the NPG category were: 17 membranous GN, 15 focal 
segmental glomerulosclerosis, 5 minimal change disease, 2 
fibrillar GN, 1 thin basement membrane disease, C1q ne-
phropathy, IgM nephropathy, amyloidosis and hereditary 
nephropathy.

Laboratory parameters

Absolute values of blood pressure (BP), serum creatinine 
(SC), creatinine clearance (CCr) and 24-hour urine protein, 

measured within 7 days before the biopsy, were collect-
ed from the hospital records. For adults, absolute values 
were categorized according to the Common Terminology 
Criteria for Adverse Events (CTCAE) [13]. For children, 
BP was determined by body size and age using Center for 
Disease Control and Prevention growth charts and data 
from the National Health and Nutrition Examination Survey 
[14,15]. Serum creatinine was categorized according to the 
Pediatric reference ranges and divided into 3 categories: 
normal, high and low [16]. CCr was determined from SC, 
the patient’s height and proportionality constant using the 
Schwartz method [17]. Pediatric CCr was standardized us-
ing correction for body surface area and CTCAE terminol-
ogy criteria. The 24-hour urine protein was corrected for 
body surface area and categorized according to 95% con-
fidence limits [18].

Immunohistochemistry

ASMA expression was analyzed by indirect immunohisto-
chemistry (EnVision/HRP system (Dako, Denmark) us-
ing mouse monoclonal anti-alpha smooth muscle anti-
body (ASMA/HRP DAKO, Denmark). Paraffin-embedded 
tissue sections of renal biopsies were deparaffinized in xy-
lol and rehydrated in alcohol gradient. Endogenous per-
oxidase was inhibited using 3% H2O2 solution in methanol 
for 10 min. Tissue sections were incubated with primary 
ASMA antibody (dilution 1:50) for 60 min and peroxidase-
labeled secondary antibody for 20 min, followed by 10 min 
incubation with diaminobenzidine substrate-chromogen 
solution (DAKO, Denmark). Hematoxylin counter-stain-
ing was done; slides were dehydrated in alcohol gradient, 
cleared in xylol and mounted with Canada balsam. Internal 
positive control was ASMA expression in the tunica media 
of renal arteries. Negative control was section of renal tis-
sue without application of primary antibody. Positive con-
trol samples were normal renal tissues of 5 adult patients 
who underwent nephrectomy for renal cancer.

Morphometric analysis

Computer-assisted morphometric image analysis was used to 
measure glomerular and interstitial ASMA expression using 
IBM computer and digital camera (Olympus 4.1 Zoom) con-
nected with Olympus BX41 microscope (Olympus, Japan). A 
computer mouse was used to trace the perimeter of the area 
of interest on a computer monitor in successive sections, us-
ing “Analysis” software (Analysis Soft Imaging System, USA) 
[19]. Each case was analyzed morphometrically as follows. 
All foci of ASMA expression in the interstitium (including 
atrophic tubules), as well as the perimeter of histological 
slide, were measured in µm2 at 100x magnification; their ra-
tio was calculated as a percentage of ASMA expression in 
interstitium. Area of ASMA expression in each glomerulus 
was measured in µm2 at 400× magnification and added to-
gether for all glomeruli (Figure 1A). A cross-section area 
of all glomeruli was measured at 100× magnification. Their 
ratio was calculated as a percentage of ASMA expression in 
glomeruli (Figure 1B). In 5 case controls, renal cortex in 
the highest distance from the tumor was randomly chosen. 
The area measuring 0.14 mm2 was defined, and glomeruli 
and interstitium were analyzed in the same manner. In the 
control kidneys, percentage of ASMA expression in intersti-
tium and glomeruli was 5.6±2.5 and 10.8±3.3, respectively.
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Statistical analysis

Separate statistical analyses were done for children and adult 
patients. Nonparametric Spearman’s correlation, Mann-
Whitney test, and analysis of variance (ANOVA, Kruskal-
Wallis) were made using GraphPad Prism statistical software 
(GraphPad software, Inc. San Diego, CA, USA). Data were 
expressed as mean ± standard deviation (SD). Statistical sig-
nificance was set at p<0.05.

results

Renal ASMA expression

The expression of ASMA in glomeruli and interstitium was 
not significantly different between PG and NPG categories 
of GN in both children and adults (Table 1).

Blood pressure

The children with high blood pressure had greater expres-
sion of ASMA in interstitium compared to children with 
low blood pressure (10.7±9.4% vs. 3.7±4.3%, p=0.014) 
(Figure 2). The difference in expression of ASMA in glom-
eruli was not statistically significant between children with 
high and low blood pressure (7.9±4.4% vs. 15.4±10.6%, 

p=0.051). In adults, expression of ASMA in interstitium 
and in glomeruli were not significantly different between 
patients with high and normal blood pressure (10.7±14.9% 
vs. 9.9±12.6%, p=0.692) and (13.6±9.5% vs. 12.9±7.8%, 
p=1.00), respectively.

Serum creatinine

In children, positive correlation was found between ASMA 
expression in interstitium and absolute value of SC (r=0.45, 
p=0.002) (Figure 3A). In categorized SC, grade III had high-
er expression of ASMA (p=0.0343). The negative correlation 

Figure 1.  (A) Morphometric analysis of ASMA expression in interstitium and (B) glomeruli; arteriolar tunica media as positive control (arrow) 
(ASMA/HRP 100× and 400×).

A B

Patients Category Analyzed area ASMA expression% 
(M±SD) p

Children NPG
Glomeruli 

 12.1±6.8
0.284

PG  16.2±11.2

NPG
Interstitium 

 4.4±3.6
0.447

PG  4.2±5.5

Adults NPG
Glomeruli 

 13.4±7.8
0.510

PG  12.4±8.9

NPG
Interstitium 

 7.1±8.2
0.093

PG  14.5±21.6

Table 1. Expression of ASMA in proliferative and non-proliferative glomerulonephritis.

NPG – non proliferative glomerulonephritis; PG – proliferative glomerulonephritis; ASMA – alpha-smooth muscle actin.

Figure 2.  The expression of ASMA in interstitium of children with 
normal (N) and high (H) blood pressure.
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of SC and expression of ASMA in glomeruli was not signif-
icant (r=–0.154, p=0.291).

In adults, expression of ASMA in interstitium was correlated 
to SC (r=0.528, p<0.001) (Figure 3B). The significance was 
confirmed in categorized SC, where grade III had higher 
expression of ASMA in interstitium (p=0.0009). Significant 
negative correlation was found between expression of ASMA 
in glomeruli and SC (r=–0.395, p=0.002) (Figure 3C).

Creatinine clearance

In children, absolute values of CCr negatively correlated 
to expression of ASMA in interstitium (r=–0.375, p=0.009) 

and positively to expression of ASMA in glomeruli (r=1.00, 
p<0.001) (Figure 4A,B). In adults, there were no signifi-
cant correlations between ASMA expression in glomeruli 

Figure 3.  Correlation of serum creatinine and ASMA expression in 
interstitium of children (A) and adults (B), as well as in 
glomeruli of adults (C) with glomerulonephritis.

A

B

C Figure 4.  Correlation of absolute values of creatinine clearance and 
ASMA expression in interstitium (A) and glomeruli (B) of 
children with glomerulonephritis.

A

B

Figure 5.  ASMA expression in interstitium of children (A) and adults 
(B) with different grades of creatinine clearance.
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and CCr (r=0.058, p=0,643). Children and adults with CCr 
grade II and III had higher expression of ASMA in intersti-
tium (p=0.0152 and p=0.0007, respectively) (Figures 5A,B).

24-hour urine protein

No significant association between renal expression of 
ASMA and 24-hour urine protein was found, regardless of 
the patient’s age.

discussion

Studies of ASMA expression in renal parenchymal diseases 
began more than 2 decades ago, when it was noticed that a) 
damaged glomerular mesangial cells change their immun-
ophenotype expressing ASMA and b) ASMA-positive myo-
fibroblasts start interstitial fibrosis [2].

A number of papers were published about ASMA expres-
sion in different types of human GN, its connection to pro-
liferation markers and prognostic impact. Most authors 
agree that ASMA expression in glomeruli was higher in pro-
liferative GN and increases as the disease worsens, which 
makes ASMA expression a potential clinical prognostic fac-
tor [3,20,21]. Some authors determined the relationship 
between IgA nephropathy, lupus nephritis and other types 
of GN with expression of ASMA [9,20,22,23]. Kim in 2001 
found correlation between proliferation marker Ki-67 and 
ASMA in different types of GN [24]. 

In this study we focused on the connection of ASMA expres-
sion with impaired renal function in glomerulonephritis, 
measured at the time of biopsy. We did not find correlation 
with a special type of GN nor proliferation, possibly because 
of heterogeneity of the sample and the arbitrary method of 
categorization into proliferative and non-proliferative GN.

Increased expression of ASMA in the interstitium can be 
found in different diseases such as proliferative GN, diabet-
ic nephropathy and renal transplant rejection. The ASMA 
has prognostic value due to the association with interstitial 
fibrosis, urine protein and SC [8,25–28]. ASMA-positive 
myofibroblasts are responsible for the increased amount of 
extracellular matrix and renal fibrosis [29]. This study also 
found higher expression of ASMA in interstitium of all pa-
tients with higher SC. Greater expression of interstitial ASMA 
in children and adults was associated with higher grades of 
CCr and lower absolute values of CCr. We confirm that el-
evated SC or lower values of CCr are associated with high-
er expression of ASMA in interstitium. Several studies have 
attempted to predict the development of progressive renal 
failure, measuring histomorphometric changes in the tu-
bulointerstitial compartment. The best correlating param-
eters of interstitial fibrosis with renal function are the ratio 
of the accumulation of TGF-beta-1 and its antagonist deco-
rin, interstitial expression of ASMA, and accumulation of 
interstitial collagen [30]. According to Jiang et al., who an-
alyzed ASMA production in peritoneal fibroblasts stimulat-
ed by TNF-beta-1, hepatocyte growth factor could be impor-
tant in blocking postoperative peritoneal adhesion [31].

Rastaldi et al. analyzed 133 biopsies of various human re-
nal diseases, and found tubular epithelial cells with mesen-
chymal phenotype (vimentin and ASMA positive) whose 

numbers have been associated with the level of SC and de-
gree of interstitial damage [32].

Utsonomiya et al. analyzed 27 patients with IgA nephropa-
thy who had normal CCr at the time of biopsy, and found 
that expression of ASMA in mesangium predicts a progres-
sive decline in renal function [7]. In our study, a negative 
connection of ASMA expression in glomeruli and SC at the 
time of biopsy was found, statistically significant in adults 
and non-significant in children, but with the same trend. It 
is well known that ASMA expression in the mesangial cell 
indicates its change to myofibroblastic immunophenotype. 
Our presumption is that ASMA-expressing mesangial cells 
are capable of higher contraction activity; this leads to glo-
merular hyperfiltration as an early adaptive mechanism to 
glomerular damage. We did not find direct confirmation of 
this data in published human studies. In a recent experimen-
tal study of membranous glomerulonephritis in rats, osteo-
pontin and ASMA are expressed together in myofibroblasts 
in the crescents of damaged glomeruli [33]. In children, the 
absolute values of CCr are positively associated with ASMA 
expression in glomeruli. A possible explanation that children 
have a better CCr is due to phenotypic modulation of hu-
man mesangial cells to more contractile cells, which makes 
the glomerular function transitory normal or even increased.

We analyzed association of expression of ASMA and hyperten-
sion, because it is known that glomerular mesangial cells dur-
ing hypertensive damage express myofibroblast phenotype 
and expression of ASMA increases [4]. The only significant 
association that we found was between expression of ASMA 
in interstitium and increased blood pressure in children.

We did not find significant correlation between expres-
sion of ASMA in glomeruli nor interstitium with 24-hour 
urine protein in our patients. This result confirms previous 
findings that urine protein is primary linked to the chang-
es in permeability of glomerular filtration barrier [34]. 
Nevertheless, according to some studies ASMA expression 
in interstitium is linked to the degree of proteinuria and 
SC, and higher interstitial ASMA expression is an indicator 
of poor prognosis [25].

conclusions

ASMA expression in interstitium is associated with SC and 
CCr and consecutively with decrease of renal function. ASMA 
expression in glomeruli is associated with lower values of 
SC in adults, as well as with normal or higher CCr in chil-
dren. This correlation suggests that myofibroblastic pheno-
typic modulation of glomerular cells has a favorable impact 
on filtration. When calculated with precise computer-assist-
ed quantitative morphometric technology, renal expression 
of ASMA may contribute to understanding of pathophysio-
logical mechanisms of GN. The disadvantage of this study 
is its small sample size with different types of GN; the next 
survey should include a much narrower cohort of patients 
with a specific type of GN, as well as better phenotypic iden-
tification of ASMA-positive glomerular cells.
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