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CD2AP, a-actinin-4 and podocalyxin are thought

to play an im por tant role in the struc ture and func tion

of glo mer u lar podocytes, there fore we in tended to

eval u ate quan ti ta tively, us ing com puter im age anal y -

sis sys tem, the immunoexpression of these pro teins in

re nal bi opsy spec i mens in glomerulopathies pre sented

with nephrotic syn drome: min i mal change dis ease

(MCD), fo cal seg men tal glomerulosclerosis (FSGS)

and nephropathy IgA (IgAN). As a con trol 10 bi opsy

spec i mens of the kid neys re moved be cause of trauma

were used. In nor mal kid neys CD2AP, a-actinin-4, and 

podocalyxin showed in tense stain ing in podocytes

along the cap il lary walls of the glomeruli. The in ten sity 

of immunoexpression of CD2AP and a-actinin-4 in re -

nal tis sue in pa tients with MCD, FSGS, and IgAN was

sim i lar to nor mal con trols, but the dis tri bu tion of these 

pro teins was more gran u lar in glomeruli of dis eased

kid ney. The immunostaining of podocalyxin was

weaker in podocytes in pa tients with FSGS as com -

pared with nor mal glomeruli. The immunostaining of

podocalyxin was not sig nif i cantly al tered in MCD and

IgAN. The immunostaining of CD2AP and a-actinin-4

did not cor re late with the in ten sity of proteinuria in

pa tients with MCD, FSGS and IgAN, whilst in FSGS

pa tients the sig nif i cant cor re la tion was found be tween

the glo mer u lar immunostaining of podocalyxin and

proteinuria. In con clu sion, re vealed in our study di -

min ished immunoexpression of podocalyxin and sig -

nif i cant cor re la tion with the level of proteinuria in

FSGS pa tients sug gests a pos si ble role of this

sialoprotein in the al ter ation of the glo mer u lar fil tra -

tion bar rier in this dis ease. 

In tro duc tion

The nephrotic syn drome is al most al ways caused by a le -

sion pri mary to the kid ney or it may be as so ci ated with a sys -

temic dis eases. The most fre quent causes of the nephrotic

syn drome are min i mal change dis ease and fo cal seg men tal

glomerulosclerosis, how ever ap prox i mately 5% to 15% of pa -

tients with IgA nephropathy have nephrotic syn drome. The

pres ence of mas sive proteinuria in glo mer u lar dis eases is

a marker for a poor prog no sis. The man i fes ta tion of the ne -

phrotic syn drome in cludes mas sive pro teinuria, hypo albu -

minemia, gen er al ized edema, hyperlipidemia and lipiduria.

Cer tain morphologic changes oc cur in glomeruli with

proteinuria of any cause. These in clude ef face ment of the vis -

ceral ep i the lial cell foot pro cesses, microvillous trans for ma -

tion, the ap pear ance of vac u oles and pro tein re sorp tion

drop lets in ep i the lial cells, de tach ment of podocytes from the

glo mer u lar base ment mem brane (GBM). The glo mer u lar

podocyte is the cell pri mar ily re spon si ble for the pre ven tion of 

proteinuria in health, and podocyte dam age and dys func tion

un der lie proteinuria in dis ease [1, 2, 6, 17]. Im paired for ma -

tion of slit di a phragm com plex, ab nor mal i ties in the GBM or

the ad he sive in ter ac tion be tween the podocyte and the GBM,

and ab nor mal i ties of the actin cytoskeleton and al ter ations in

the api cal mem brane do main of podocytes led to foot pro cess

ef face ment and proteinuria [18, 20, 22, 25, 27, 29]. Podocytes

pro duce a spe cial ized rep er toire of pro teins, which en able

them to as sist in es tab lish ing and main tain ing the glo mer u lar

fil tra tion bar rier [25]. CD2-as so ci ated pro tein (CD2AP) acts

as an adapter mol e cule to bind nephrin carboxy ter mi nal do -

main, which serves to link the slit di a phragm to the podocyte

cytoskeleton [16, 23]. The podocyte foot pro cesses con tain an

actin-based cytoskeleton. Bind ing of a-actinin-4 to the cy to -
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plas mic do main of b1-integrin sub unit of the a3b1 com plex is 

though to be im por tant in an chor ing actin microfilaments of

podocyte foot pro cesses to the GBM [19]. The usual

pathophysiologic ba sis of proteinuria lies in loss of the nor mal 

neg a tive charge of the glo mer u lar cap il lary wall. On the

luminal side, podocytes are equipped with glycocalyx, which

is mostly made of podocalyxin and con trib utes to neg a tive

charge of the fil tra tion bar rier [12]. Podocalyxin is of crit i cal

im por tance for the for ma tion and pres er va tion of the char ac -

ter is tic cel lu lar ar chi tec ture of podocytes [20, 27]. Thus, the

aim of the study was to eval u ate the immuno expression of

CD2AP, a-actinin-4 and podocalyxin in re nal bi opsy spec i -

mens in pa tients with sev eral ac quired glomerulopathies with

nephrotic syn drome. We also in ves ti gated whether the

immunoexpression of the pro teins stud ied were re lated to

clin i cal pa ram e ters. 

Ma te rial and Meth ods

Pa tients

Kid ney tis sue bi op sies were ob tained for di ag nos tic pur -

poses percutaneously from 12 pa tients (9 males and 3 fe males, 

aged 4–26, mean age=6) with min i mal change dise ase

(MCD), 14 pa tients (8 males and 6 fe males, aged 9–39, mean

age=26) with fo cal seg men tal glomerulosclerosis (FSGS),

and 11 pa tients (7 males and 4 fe males, aged 17–37, mean

age=24) with IgA nephropathy (IgAN). Lab o ra tory data in -

clud ing uri nal y sis, 24h-pro tein ex cre tion and se rum creatinine 

level were col lected from each pa tient. At the time of bi opsy

all pa tients pre sented nephrotic syn drome. Re nal func tion im -

pair ment was noted in one pa tient with FSGS and in one pa -

tient with IgAN. In all cases di ag no sis of glomerulonephritis

was based on char ac ter is tic find ings by light mi cros copy (sec -

tions stained with hematoxylin and eosin, Masson trichrome,

Jones’ sil ver im preg na tion and pe ri odic acid-Schiff fol lowed

by alcian blue), immunofluorescence and elec tron mi cros copy 

us ing stan dard pro to cols. In all pa tients with glomerulopathies 

foot pro cess ef face ment was iden ti fied by elec tron mi cros -

copy. Clas si fi ca tion of the histopathological le sions re fers to

that of the World Health Or ga ni za tion [4]. As a con trol 10 bi -

opsy spec i mens of the kid neys re moved be cause of trauma

were used. None of the per sons from con trol group was

known to have had pre vi ous or ac tual re nal dis ease. Be fore the 

quan ti ta tive ex am i na tion was car ried out, all con trol spec i -

mens had been histologically ex am ined by an ex pe ri enced

nephropathologists and found to be a nor mal re nal tis sue.

Immunohistochemistry

Par af fin sec tions were mounted onto superfrost sli -

des, deparaffinized, then treated in a mi cro wave oven in

a solution of ci trate buffer, pH 6.0 for 20 min and trans -

ferred to dis tilled wa ter. En dog e nous peroxidase ac tiv ity

was blo cked by 3% hy dro gen per ox ide in dis tilled wa ter

for 5 min, and then sec tions were rinsed in Tris-buf fered

sa line (TBS, DakoCytomation) and in cu bated over night

with polyclonal goat anti-hu man CD2AP an ti body (di lu -

tion 1:150, Santa Cruz Bio tech nol ogy Inc), monoclonal

mouse anti-hu man a-actinin-4 an ti body (di lu tion 1:100,

Chemicon Int.), mono clonal mouse anti-hu man podo ca -

lyxin an ti body (di lu tion 1:40, Chemicon Int.). Af ter wards

LSAB+/HRP Uni ver sal Kit (DakoCytomation) was used

pre pared ac cord ing to the in struc tions of the man u fac -

turer. Vi su al iza tion was per formed by in cu bat ing the sec -

tions in a so lu tion of 0.5 mg 3,3’-diaminobenzidine

(DakoCytomation) per ml Tris-HCl buffer (DakoCyto -

mation), pH 7.6, con tain ing 0.02% hy dro gen per ox ide, for 

10 min. Af ter wash ing, the sec tions were coun ter-stained

with hematoxylin and coversliped. Neg a tive con trols

were car ried out by in cu ba tion in the ab sence of the pri -

mary an ti body and al ways yielded neg a tive re sults.

Morphometry

Histological morphometry was per formed by means

of im age anal y sis sys tem con sist ing of a IBM-com pat i ble

com puter equipped with an op ti cal mouse, Indeo Fast card 

(frame grab ber, true-color, real-time), pro duced by Indeo

(Tai wan), and color TV cam era Panasonic (Ja pan) linked

to a Carl Zeiss Jenaval mi cro scope (Ger many). This sys -

tem was program med (pro gram MultiScan 8.08, pro duced 

by Com puter Scan ning Sys tems, Po land) to cal cu late the

sur face area of a struc ture us ing stereological net (with

reg u lated num ber of points). The col ored mi cro scopic im -

ages were saved se ri ally in the mem ory of a com puter, and

then quan ti ta tive ex am i na tions were car ried out. The glo -

mer u lar immunoexpression of CD2AP, podocalyxin and

a-actinin-4 were mea sured us ing point count ing method,

which is an ad ap ta tion of the prin ci ples of Weibel [28].

The point spac ing was 16 mm. To tal num bers of the points

of a net was 169, and to tal area was 36864 sq. mm. The per -

cent age of CD2AP, podocalyxin and a-ac tinin-4 stain ing

was an ex pres sion of the num ber of points over ly ing these

struc tures as a per cent age of the to tal points over ly ing to -

tal glo mer u lar area.

Sta tis ti cal meth ods

Dif fer ences be tween groups were tested us ing un paired

Stu dent’s t-test pre ceded by eval u a tion of nor mal ity and

Levene’s test. The Mann-Whit ney U test was used where

ap pro pri ate. Cor re la tion co ef fi cients were cal cu lated us ing

Spearman’s method. Re sults were con sid ered sta tis ti cally

significant if p<0.05.
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Re sults

The data of the immunoexpression of CD2AP,

a-actinin-4, and podocalyxin are shown in Ta ble 1. In nor -

mal kid neys CD2AP, a-actinin-4, and podocalyxin

showed in tense stain ing in podocytes along the cap il lary

walls of the glomeruli (Fig. 1). The in ten sity of

immunoexpression of CD2AP and a-actinin-4 in re nal tis -

sue in pa tients in the glomerulopathies stud ied were sim i -

lar to the nor mal con trols, but the dis tri bu tion of these

pro teins was more gran u lar and dis persed in glomeruli of

dis eased kid ney. Sta tis ti cal anal y sis did not re veal sig nif i -

cant dif fer ences be tween the glo mer u lar immunostaining

of CD2AP and a-actinin-4 in re nal tis sue in pa tients with

MCD, FSGS and IgAN and in nor mal con trols. The

immunostaining of podocalyxin (Fig. 2) was weaker in
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TABLE 1
The immunoexpression of CD2AP, a-actinin-4 and podo -
calyxin in re nal tis sue in pa tients with MCD, FSGS, IgAN pre -
sented with nephrotic syn drome and in nor mal con trols

CD2AP a-actinin-4 Podocalyxin

MCD (n=12) 24.05±11.83 24.33±11.07 9.51±5.04

FSGS (n=14) 25.21±13.72 22.67±9.08 6.05±4.87*

IgAN (n=11) 30.25±12.23 30.40±10.40 11.37±6.91

Controls (n=10) 22.59±9.77 28.14±11.12 12.06±8.16

*p<0.04

Data are ex pressed as per cent age of glo mer u lar area ± stan dard de vi a tion

Fig. 1. The immunostaining of podocalyxin in nor mal glomerulus. 

Magn. 400×.

Fig. 2. Weak and gran u lar immunoexpression of podocalyxin

in glomerulus in pa tient with FSGS. Magn. 400×.

TABLE 2
The cor re la tions be tween the glo mer u lar immunostaining of CD2AP, a-actinin-4, podocalyxin and the se rum creatinine lev els
in pa tients with MCD, FSGS and IgAN pre sented with nephrotic syn drome

Cor re la tions be tween: MCD FSGS IgAN

CD2AP and se rum creatinine r=0.14, p=0.66, (NS) r=-0.06, p=0.83, (NS) r=0.31, p=0.35, (NS)

a-actinin-4 and se rum creatinine r=0.51, p=0.09, (NS) r=0.25, p=0.35, (NS) r=0.17, p=0.61, (NS)

Podocalyxin and se rum creatinine r=0.11, p=0.73, (NS) r=0.19, p=0.51, (NS) r=0.09, p=0.79, (NS)

TABLE 3
The cor re la tions be tween the glo mer u lar immunoexpression of CD2AP, a-actinin-4, podocalyxin and proteinuria in pa tients
with MCD, FSGS and IgAN pre sented with nephrotic syn drome

Cor re la tions be tween: MCD FSGS IgAN

CD2AP and proteinuria r=-0.03, P=0.96, (NS) r=0.24, P=0.41, (NS) r=0.07, P=0.84, (NS)

a-actinin-4 and proteinuria r=0.21, P=0.51, (NS) r=0.42, P=0.13, (NS) r=0.04, P=0.90, (NS)

Podocalyxin and proteinuria r=-0.12, P=0.71, (NS) r=-0.58, P<0.03 r=0.22, P=0.51, (NS)



podocytes in re nal bi opsy spec i mens in pa tients with

FSGS as com pared with nor mal glomeruli (p<0.04).

More over, in FSGS podocalyxin pro tein was de tected in

podocytes in the gran u lar pat tern. The immunostaining of

podocalyxin was not sig nif i cantly al tered in MCD and

IgAN as com pared with con trols. There were no cor re la -

tions be tween glo mer u lar immuno ex pression of all the

pro teins stud ied and se rum creatinine le vels (Ta ble 2).

The immunostaining of CD2AP and a-ac tinin-4 did not

cor re late with the in ten sity of proteinuria in pa tients with

MCD, FSGS and IgAN. In FSGS pa tients the sig nif i cant

cor re la tion was found be tween the glo mer u lar immuno -

staining of podocalyxin and proteinuria (p<0.03), whereas 

the immunoexpression of podocalyxin was not re lated to

the in ten sity of proteinuria in MCD and IgAN pa tients

(Ta ble 3). 

Dis cus sion

In last years a lot of stud ies con cerned the slit di a -

phragm pro teins: nephrin and podocin in glomerulopathies

pre sented with nephrotic syn drome, thus in the pres ent

study we fo cused on the eval u a tion of the immuno -

expression of podocyte-as so ci ated mol e cules: CD2AP,

a-actinin-4 and podocalyxin in nor mal and dis eased glo -

meruli. It is well known that podocalyxin, the ma jor

sialoprotein of glo mer u lar ep i the lial cells, helps main tain

the char ac ter is tic ar chi tec ture of the foot pro cesses and the

patency of fil tra tion slits [27]. Our study re vealed a re mark -

able re duc tion in podocalyxin immunostaining in the re nal

tis sue in FSGS pa tients, more over the immunoexpression of 

podocalyxin in FSGS pa tients cor re lated with the level of

proteinuria. On the other hand, we failed to find any diffe -

rences in the in ten sity of podocalyxin immunostaining in

MCD, IgAN pa tients and con trols. The immunoexpression

of podocalyxin was not re lated to the level of proteinuria in

these pa tients. How ever, it is note wor thy that we ob served

the gran u lar dis tri bu tion pat tern of podocalyxin within glo -

meruli in dis eased kid neys. In con cor dance to our find ings,

Koop et al. [14] ob served re duced glo mer u lar podocalyxin

ex pres sion in most proteinuric dis eases as com pared with

con trols. These au thors sug gest that un cou pling of podo -

calyxin from the actinin cytoskeleton is a re sult of re ar -

range ments of the cytoskeleton [14]. In con trary to our

study Ostalska-Nowicka et al. [21] did not found sta tis ti cal

dif fer ences in the ex pres sion of podocalyxin in pa tients with 

sub mi cro scopic glomerulonephritis, FSGS, dif fuse mesan -

gial pro lif er a tion and con trols. They con cluded that in pri -

mary glomerulopathies in chil dren the ab nor mal

dis tribution of sialoprotein within the podocyte coat is not

the main patho log i cal sign. How ever, ex per i men tal study

re vealed that in puromycin aminonucleoside nephrosis, loss

of the foot pro cess or ga ni za tion is as so ci ated with re duc tion

in the sialic acid con tent of podocalyxin to one-third of nor -

mal [13]. Re cently, it has been found that de le tion of the

podocalyxin gene in the mouse re sults in neo na tal lethality

and fail ure to form foot pro cesses in the homozygote [5],

sim i larly, mice lack ing CD2AP ex hibit a nephrotic syn -

drome that re sem bles the con gen i tal form of nephrosis due

to nephrin mu ta tions and die of re nal fail ure within 2 months 

from birth [24]. The cy to plas mic do main of podocalyxin is

linked to the actin cytoskeleton by ezrin, which is con cen -

trated on the cy to plas mic side of the api cal do main of the

plasma mem brane along the cell bod ies and foot pro cesses

of glo mer u lar ep i the lial cells [20]. In our study all pa tients

with glomerulopathies pre sented with nephrotic syn drome

and foot pro cess ef face ment was iden ti fied by elec tron mi -

cros copy, mean while the glo mer u lar immunoexpression of

podocyte-as so ci ated pro teins: CD2AP and a-actinin-4 in

dis eased kid neys did not dif fer in com par i son to con trols.

More over, the immunoexpression of CD2AP and a-acti -

nin-4 did not cor re late with the level of proteinuria. In all the 

groups stud ied there were no cor re la tions be tween glo mer u -

lar immunoexpression of podocyte-as so ci ated pro teins and

se rum creatinine lev els. In con cor dance to our re sults,

Gagliardini et al. [7] found that the stain ing of CD2AP did

not dif fer among pa tients with MCD, FSGS, IgAN and con -

trols. Sim i larly to us, Koop et al. [14] did not show dif fer -

ences in CD2AP pro tein ex pres sion be tween pa tients

groups and con trols. It is sug gested that upon dam age to the

podocyte, the bind ing of CD2AP with nephrin and podocin

is dis con nected, whereas CD2AP it self re mains at tached to

the actin cytoskeleton [30]. In nephrotic re nal glomeruli,

con com i tant with the loss of podocytic foot pro cesses a re -

or ga ni za tion of the podocytic skel e ton and the con cen tra -

tion of some of its el e ments into thick uni form bands was

ob served and actinin and a-actinin-4 were re vealed in these

bands [15]. a-actinins are actin-bind ing pro teins and can at -

tach the actin bun dle to the podocyte mem brane [3].

a-actinin is lo cal ized mainly at the podocyte in the kid ney,

es pe cially in the foot pro cess [15]. In hu mans, ACTN4 mu -

ta tions cause a form of FSGS char ac ter ized by a dom i nant

pat tern of in her i tance with fo cal podocyte ab nor mal i ties,

non-nephrotic lev els of proteinuria and slowly pro gres sive

adult-on set dis ease lead ing to sig nif i cant re nal fail ure at

adult hood [11]. To now there is not clear if al ter ation of

a-actinin-4 ex pres sion or con for ma tion is a cause or me di a -

tor of sec ond ary forms of kid ney dis ease, how ever in ex per -

i men tal study in jec tion of puromycin aminonucleoside

re sulted in marked in duc tion of glo mer u lar a-actinin in -

crease, which pre ceded de vel op ment of podocyte foot pro -
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cesses ef face ment and proteinuria [26]. Guan et al. [9]

re vealed that a-actinin in ten sity in creased and its dis tri bu -

tion changed when proteinuria dis ap peared, so they con -

cluded that the de layed a-actinin in duc tion might be

a re parative re sponse. In con cor dance to our study, Goode et 

al. [8] ob served sim i lar ex pres sion of a-actinin-4 in MCD

and nor mal glomeruli. Sim i larly to us, Guan et al. [10] failed 

to re veal sig nif i cant dif fer ences in the ex pres sion of

a-actinin-4 among pa tients with MCNS, IgAN, mesangial

proliferative glomerulonephritis pre sented with nephrotic

syn drome, hematuria and con trol group how ever, in pa tients 

with nephrotic syn drome ab nor mal glo mer u lar dis tri bu tion

of podocyte-as so ci ated pro teins was ob served.

In con clu sion, di min ished immunoexpression of podo -

calyxin and the sig nif i cant cor re la tion with the level of

proteinuria in FSGS pa tients re vealed in our study sug gest

a possible role of this sialoprotein in the al ter ation of the

glo mer u lar fil tra tion bar rier in this dis ease. Ab nor mal dis tri -

bu tion of podocyte-as so ci ated pro teins ob served in all pa -

tients with glomerulopathies pre sented with nephrotic

syn drome may be re lated to the struc tural changes in the

glomerular podocyte foot processes.
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