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The aim of the study was to com pare the immuno -

expression of monocyte chemoattractant pro tein-1

(MCP-1), monocyte in flam ma tory pro tein-1α (MIP-1α),

Reg u lated upon Ac ti va tion Nor mal T-cell Ex pressed and

Se creted (RANTES) and CC chemokine re cep tors: CCR1

and CCR5 in re nal bi opsy spec i mens in IgA nephropathy

(IgAN) and in non-IgA mesangial proliferative glome -

rulonephritis (MesProGN), and to find any re la tion ships

be tween the immunoexpression of chemokines and

chemo kine re cep tors and re nal in ter sti tial le sions. Our

study re vealed in creased immunoexpression of tubulo -

interstitial MCP-1 (P<0.02), RANTES (P<0.03) and in ter -

sti tial CCR5+ cells (P<0.05) in IgAN as com pared with

MesProGN. In the re nal tis sue in pa tients with IgAN the

in ten sity of tubulointerstitial immunostaining of MCP-1

and the num ber of CCR1+ cells and CCR5+ cells were sig -

nif i cantly cor re lated with the re nal in ter sti tial cor ti cal vol -

ume, mean while in bi opsy spec i mens from pa tients with

MesProGN only in ter sti tial CCR5+ cells were pos i tively

cor re lated with the in ter sti tial cor ti cal vol ume. In con clu -

sion, these ob ser va tions sug gest that in the re nal tis sue in

IgAN pa tients MCP-1, RANTES and CCR5 are up-reg u -

lated as com pared with re nal bi opsy spec i mens from pa -

tients with MesProGN. More over, MCP-1 as well CCR5

and CCR1 pos i tive cells may play a role in the in ter sti tial

pro cesses lead ing to fi bro sis in IgAN, whereas in

MesProGN CCR5-pos i tive cells may par tic i pate in in ter -

sti tial le sions in re nal tis sue.

In tro duc tion

The in fil tra tion of leu ko cytes into the glomerulus is

a main stay of in flam ma tory glo mer u lar dam age in proli -

ferative glomerulonephritis. At trac tion of cir cu lat ing leu ko -

cytes in in flam ma tory kid ney dis eases has been pro posed to

be caused by chemokines. Chemotactic cytokines or chemo -

kines are a group of small cytokines with a mo lec u lar weight 

that ranges from 8 to 10 kDa. Chemokines are char ac ter ized

by a se ries of shared struc tural de ter mi nants in clud ing con -

served cystein res i dues that form disulfide bonds in the

chemokine ter tiary struc ture. Ac cord ing to the po si tion ing

of the first two closely paired and highly con served cysteins

of the amino acid se quence the chemokine superfamily can

be di vided into four groups [1, 8, 16, 19]. In the CC or β
chemo kines the first two con served cystein res i dues are ad -

ja cent one an other. To the CC-class chemokines be long the

mono cyte-chemoattractant pro teins (MCP-1, 2, 3), macro -

phage in flam ma tory pro teins (MIP-1α and 1β), RANTES

(Reg u lated upon Ac ti va tion Nor mal T-cell Ex pressed and

Se creted). Chemokines act by bind ing to chemokine re cep -

tors (CCR) on tar get cells. Chemokine re cep tors are clas si -

fied ac cord ing to their lig ands into five fam i lies. The

no men cla ture sys tem is rooted by the chemokine sub class

spec i fic ity of the re cep tor. Hu man CC chemokine re cep tor

names con sist of the root CCR, fol lowed by a num ber [9,

10]. These chemokine re cep tors usu ally bind more than one

chemokine of the same sub group. The vari able ex pres sion

of the re cep tors by dis tinct leu ko cyte sub sets is an im por tant 

com po nent of the spec i fic ity of chemokine ac tion [9, 10,

19]. Cyto kines, mesangial cell growth, extracellular ma trix

are the main fac tors of the glo mer u lar pa thol ogy, which is

char ac ter is tic for sev eral forms of glomerulonephritis in -

clud ing IgA nephropathy (IgAN) and non-IgA mesangial

pro life rative glomerulonephritis (MesProGN). In the first

stage of the dis ease only the in flam ma tory me di a tors are

pro duced lo cally by res i dent cells with autocrine ac tiv ity

and no in fil trat ing cells are no ticed within the kid ney. The
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ap pear ance of monocytes/macrophages and lym pho cytes in

glomeruli and tubulointerstitium is a crit i cal step in the

pathogenesis of those dis eases. 

To date, the clas sic per cep tion of CC-chemokines was

that their main prop erty is the at trac tion of monocy tes/macro -

phages, but there is an in creas ing body of ev i dence that CC

chemokines play a ma jor role in the pathogenesis of re nal fail -

ure pro gres sion [16, 19] The ob jec tives of the pres ent study

were to com pare the immunoexpression of CC chemokines

and chemokine re cep tors in IgAN and in MesProGN, and

more over, to find any re la tion ships be tween immuno ex -

pression of chemokines and chemokine re cep tors and the re -

nal in ter sti tial le sions. 

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 19 pa tients (12 males and 7 fe -

males, aged 21–53, mean age=25) with IgAN and from 23

pa tients (8 males and 15 fe males, aged 19–56, mean age=31)

with MesProGN. Lab o ra tory data in clud ing uri nal y sis, 24 h

pro tein ex cre tion and se rum creatinine level were col lected

from each pa tient. At the time of bi opsy 4 IgAN pa tients and 8

MesProGN pa tients pre sented nephrotic range protei nuria. In

7 IgAN pa tients proteinuria was more than 2 g/24 h, and in 8

cases proteinuria was up to 2 g/24 h. In 12 pa tients with

MesProGN proteinuria was more than 2 g/24h, and in 3 cases

proteinuria was up to 2 g/24 h. Hematuria was noted in all

IgAN pa tients and in 14 pa tients with MesProGN. Re nal func -

tion im pair ment was noted in 5 pa tients with IgAN and in

4 patients with MesProGN.

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. Clas si fi ca tion of the histopathological le -

sions re fers to that of the World Health Or ga ni za tion [2]. In all 

bi opsy sam ples in pa tients with MesProGN and IgAN dif fuse

mesangial pro lif er a tion was seen.

Immunohistochemistry

Par af fin sec tions were mounted onto superfrost slides, 

deparaffinized, then treated in a mi cro wave oven in a so lu -

tion 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 with polyclonal goat anti-

hu man an ti bod ies (R&D Sys tems): MCP-1 (di lu tion:

15 µg/ml:), MIP-1α (di lu tion: 15 mg/ml), RANTES (di lu -

tion: 5 µg/ml), and monoclonal mouse anti-hu man an ti bod -

ies (R&D Sys tems): CCR1 (di lu tion: 8 µg/ml), CCR5

(di lution: 5 µg/ml) for 30 min. Af ter wards, R&D Sys tems

Cell and Tis sue Stain ing Kits/HRP-DAB pre pared ac cord -

ing to the in struc tions of the man u fac turer was used. Vi su al -

iza tion was per formed by in cu bat ing the sec tions in

a so lution of 0.5 mg 3,3’-diaminobenzidine per ml Tris-HCl

buffer, 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 coverslipped. For each an ti body and

for each sam ple a pos i tive con trol and neg a tive con trol were

pro cessed. 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.

Stain ing in ten si ties of MCP-1, MIP-1α and RANTES

were re corded by two in de pend ent ob serv ers and graded

semiquantitatively as: 0 (neg a tive), 1 (weakly pos i tive),

2 (mod er ately pos i tive) and 3 (strongly pos i tive). The mean

grade was cal cu lated by av er ag ing grades as signed by the

two au thors and ap prox i mat ing the ar ith met i cal mean to the

near est unity. Glo mer u lar stain ing was scored in all glome -

ruli within re nal bi opsy spec i mens. Tu bu lar and in ter sti tial

stain ing was scored in 10 con sec u tive high power fields,

avoid ing glomeruli. 

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 a Pentagram graph i cal tab let, 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 mi cro scope (Ger many). This sys tem

was pro grammed (pro gram MultiScan 8.08, pro duced by

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

ber of ob jects (semi au to matic func tion) and 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 the com puter, and then quan ti ta tive

ex am i na tions had been car ried out. In ter sti tial vol ume in the

sec tions stained with Masson trichrome was mea sured us ing 

point count ing method, which is an ad ap ta tion of the prin ci -

ples of Weibel [22]. The point spac ing was 16 µm. The

num ber of the points of a net was 169, and to tal area was

36864 sq. µm. Un der the net de scribed above 8–10 ran -

domly se lected ad ja cent fields of the re nal cor tex were in -

ves ti gated. Glomeruli and large blood ves sels were

ne glec ted. The per cent in ter sti tial vol ume was an ex pres sion 

of the num ber of points over ly ing re nal cor ti cal inter stitium

as a per cent age of the to tal points counted.

122

M. W¹growska-Danilewicz et al



Quan ti fi ca tion of in ter sti tial CCR1+ cells and CCR5+

cells were de ter mined by count ing these cells (semi au to -

matic func tion) in a se quence of ten con sec u tive com puter

im ages of 400x high power fields – 0.0047 mm2 each. The

re sults were ex pressed as a mean num ber of CCR1 and

CCR5 – immunopositive cells per mm
2
.

Sta tis ti cal anal y sis

All val ues were ex pressed as the mean ±SD (stan dard

de vi a tion). The dif fer ences be tween groups were tested us -

ing Stu dent’s t-test for in de pend ent sam ples pre ceded by

eval u a tion of nor mal ity and ho mo ge ne ity of vari ances with

Levene’s test. Ad di tion ally 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 Sperman’s method. Re sults were con sid ered

sta tis ti cally sig nif i cant if P<0.05. 

Re sults

In the re nal tis sue from pa tients with IgAN as well as

MesProGN no glo mer u lar immunostaining for MIP-1α,

RANTES, CCR1 and CCR5 was found. The data of the

glo mer u lar and tubulointerstitial ex pres sion of MCP-1

and tubulointerstitial immunoexpression of MIP-1α and

RANTES ap pear from Ta ble 1. A very faint stain ing for

MCP-1 in glomeruli in both stud ied groups was ob served

(0.23±0.19 in IgAN, and 0.17±0.17 in MesProGN). The

glo mer u lar immunostaining of MCP-1 was con fined to

mesangium. There was no sig nif i cant dif fer ence in glo -

mer u lar MCP-1 immunostaining in IgAN and MesProGN

groups (P=0.29). The immunoexpression of MCP-1,

MIP-1α and RANTES was seen on in ter sti tial mononu -

clear in flam ma tory cells and tu bu lar ep i the lium in re nal

bi op sies in both stud ied groups (Figs. 1–3). In the re nal

tis sue in IgAN the tubulointerstitial immunoexpression of

MCP-1 and RANTES was in creased as com pared with

MesProGN ((P<0.02 and P<0.03, re spec tively) There was 

no sig nif i cant dif fer ence in tubulointerstitial stain ing of

MIP-1α be tween IgAN and MesProGN groups (P=0.65).

The morphometric data on the in ter sti tial immuno -

expression of CCR1 and CCR5, as well as the val ues of the 

in ter sti tial cor ti cal vol ume ap pear from Ta ble 2. The

immuno expression of CCR1 and CCR5 were de tected on

mononuclear in flam ma tory cells in fil trat ing re nal inter sti -

tium (Fig. 4). The num ber of CCR1-pos i tive cells was

sim i lar in re nal bi opsy spec i mens in IgAN and MesProGN 

pa tients (0.81±0.78, and 0.74±0.68, re spec tively, P=0.75,

NS). As is shown in Ta ble 2, in IgAN group the mean

value of in ter sti tial CCR5-pos i tive cells was in creased in
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TABLE 1
The immunoexpression of MCP-1, MIP-1α, and RANTES in re nal tis sue in IgAN and MesProGN pa tients

Number of cases
MCP-1

(in glomeruli)

MCP-1

(in tubulo-interstitium)

MIP-1α
(in tubulo-interstitium)

RANTES

(in tubulo-interstitium)

IgAN (n=19) 0.23±0.19 1.21±0.88 0.41±0.44 1.17±0.92

MesProGN (n=23) 0.17±0.17 0.61±0.61 0.49±0.63 0.64±0.55

P value P=0.29 (NS) P<0.02 P=0.65 (NS) P<0.03

Fig. 1. Fo cal immunoexpression of RANTES in tu bu lar ep i the lium in the

re nal bi opsy spec i men in pa tient with IgAN. Magn. 400×.

Fig. 2. The immunoexpression of MCP-1 on in ter sti tial in flam ma tory cells

and on tu bu lar ep i the lial cells in the re nal bi opsy in MesProGN.

Magn.400×.



com par i son with the re nal tis sue from MesProGN pa tients 

(P<0.05).

In pa tients with IgAN the in ten sity of tubulointerstitial 

immunostaining of MCP-1 and the num ber of CCR1+ cells

and CCR5+ cells were sig nif i cantly cor re lated with the re -

nal in ter sti tial cor ti cal vol ume (P<0.02, P<0.03 and P<0.03,

res pectively), whereas in bi opsy spec i mens from pa tients

with MesProGN only in ter sti tial CCR5+ cells were posi -

tively corre lated with the in ter sti tial cor ti cal vol ume

(P<0.003) (Ta ble 3).

Dis cus sion

Our study re vealed in crease in the tubulointerstitial

immunoexpression of MCP-1, RANTES and the num ber of

in ter sti tial CCR5-pos i tive cells in the re nal tis sue in IgAN

pa tients as com pared with MesProGN. There was no sig nif -

i cant dif fer ence in the tubulointerstitial stain ing of MIP-1α
be tween IgAN and MesProGN group. Our study did not re -

veal immunopositivity for MIP-1α and RANTES within

glomeruli in the re nal bi opsy spec i mens in IgAN and
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Fig. 3. The immunoexpression of MCP-1 on nu mer ous in ter sti tial in flam -

ma tory cells and in tu bu lar ep i the lium in the re nal tis sue in IgAN pa tient.

Magn. 400×.

Fig. 4. CCR5-immunopositive cells in the interstitium in re nal bi opsy spec -

i men in pa tient with IgAN. Magn. 400×.

TABLE 2
The in ter sti tial CCR1-pos i tive and CCR5-pos i tive cells, and the val ues of the cor ti cal in ter sti tial vol ume in pa tients with IgAN
and MesProGN

Number of cases CCR1+ cells

(in the interstitium)

CCR5+ cells

(in the interstitium)

Interstitial cortical volume

IgAN (n=19) 0.81±0.78 1.04±0.79 20.38±5.07

MesProGN (n=23) 0.74±0.68 0.60±0.58 17.0±5.05

P value P=0.75 (NS) P<0.05 P<0.05

TABLE 3
The cor re la tions be tween tubulointerstitial immunoexpression of MCP-1, MIP-1α, RANTES, CCR1, CCR5 and the in ter sti tial
cor ti cal vol ume in re nal tis sue in pa tients with IgAN and MesProGN

Correlation between: IgAN MesProGN

MCP-1 and interstitial cortical volume r=0.55, P<0.02 r=0.36, P=0.09 (NS)

MIP-1α and interstitial cortical volume r=0.34, P=0.14 (NS) r=0.04, P=0.83 (NS)

RANTES and interstitial cortical volume r=0.07, P=0.76 (NS) r=-0.2, P=0.32 (NS)

CCR1+ cells and interstitial cortical volume r=0.51, P<0.03 r=0.08, P=0.08 (NS)

CCR5+ cells and interstitial cortical volume r=0.52, P<0.03 r=0.59, P<0.003



MesProGN pa tients. More over, there was no dif fer ence in

glo mer u lar immunostaining of MCP-1 be tween both stud -

ied groups, and the immunoexpression of this chemokine in

glomeruli was scant. This ob ser va tion is in con cor dance

with the re sults of Prodjosudjadi et al. [11] who have re -

ported that MCP-1 was ex pressed pri mar ily at the tubu -

lointerstitial level in dif fer ent glo mer u lar dis eases.

Gran daliano et al. [5] ob served the same pat tern of MCP-1

ex pres sion in IgAN. Nu mer ous data sug gest that MCP-1,

MIP-1α and RANTES via the chemokine re cep tors par tic i -

pate in the pathogenesis of glo mer u lar and in ter sti tial le sion

in hu man glo mer u lar dis eases by re cruit ing and ac ti vat ing

monocytes/macrophages [4]. Grandaliano et al. [5] showed

an in creased MCP-1 gene and pro tein ex pres sion in IgAN,

mainly in cor ti cal tu bu lar ep i the lial cells, in fil trat ing mono -

nuclear cells, as well as glo mer u lar pa ri etal cells. This ex -

pres sion pos i tively cor re lated with the pres ence and the

ex tent of monocyte in fil tra tion and with the se ver ity of

tubulointerstitial le sions. Prodjosudjadi et al. [11] an a lyzed

MCP-1 pro tein ex pres sion at glo mer u lar and in ter sti tial

sites, but found no cor re la tion be tween glo mer u lar MCP-1

ex pres sion and intraglomerular macrophage in fil tra tion. It

is ob vi ous that immunoexpression of MCP-1 is found in

glomeruli from pa tients with glomerulopathies with mono -

cyte in fil trate, but it must be taken into con sid er ation that re -

sid ual glo mer u lar cells may be a source of chemokines.

Rovin et al. [13] dem on strated in vivo by immunohisto -

chemistry the ex pres sion of MCP-1 in ex per i men tal and hu -

man glomerulonephritides, but were un able to iden tify the

cel lu lar source of MCP-1. Sev eral stim uli, such as cytokines 

(that is interleukin-1 and tu mor ne cro sis fac tor-α) can in -

duce MCP-1 pro duc tion by mesangial cells [14, 15]. Ex per i -

men tal stud ies have dem on strated that cer tain uri nary

pro teins can stim u late prox i mal tu bu lar cells to syn the size

chemokines: MCP-1, RANTES and fractalkine that re cruit

monocytes and T-cells and interleukin-8 that at tracts neu -

tro phils [21, 23]. De novo tu bu lar pro duc tion of MCP-1 has

been ob served in sev eral proteinuric re nal dis eases in clud -

ing over load proteinuria [3]. Ac cord ing to the hy poth e sis

pro posed by Remuzzi [12] proteinuria it self may in duce tu -

bu lar cell ac ti va tion and gen er a tion of chemokines by prox i -

mal tu bu lar cells. In these chronic proteinuric nephropathies 

in an i mals and hu mans the pro gres sion to re nal paren -

chymal dam age and end-stage re nal dis ease ap pears to be

rel a tively in de pend ent of the ini tial in sults. In our study ne -

phritic range proteinuria was noted in 4 pa tients with IgAN

and in 8 pa tients with MesProGN. Re cent data point that lo -

cally pro duced MCP-1 seems to par tic i pate in cell in fil tra -

tion and in ter sti tial fi bro sis from the acute to the chronic

phase of re nal dis eases. Ex per i men tal study re vealed that

MCP-1 has a fibrogenic ef fect through the stim u la tion of

trans form ing growth fac tor-β (TGF-β) [17]. It is sug gested

that both fibroblasts them selves and fibroblasts co-cul tured

with im mune-in flam ma tory cells have the abil ity to par tic i -

pate in the main te nance of an in flam ma tory re sponse via the

ex pres sion of chemokines [6]. 

In all re nal bi opsy spec i mens from IgAN and MesProGN

pa tients fo cal in flam ma tory in fil trates in the interstitium were

ob served and in both stud ied groups CCR1 and CCR5

immuno positivity was re stricted solely to the re nal inter -

stitium. The study of Segerer et al. [18] dem on strated that the

num ber of CCR5-pos i tive cells within glomeruli was low,

even in cases with proliferative glomerulonephritis. Furuichi

et al. [4] de tected CCR1 and CCR5-pos i tive cells in both

glomeruli and the interstitium in pa tients with in flam ma tory

re nal dis eases, in clud ing IgAN, and the CCR5-pos i tive cell

num ber was sig nif i cantly higher in pa tients with cres cen tic

glomerulonephritis. In our study in the re nal tis sue from pa -

tients with IgAN the num ber of CCR1+ cells and CCR5+

cells, and the in ten sity of tubulointerstitial immunostaining of

MCP-1 were sig nif i cantly cor re lated with the re nal in ter sti tial

cor ti cal vol ume, mean while in bi opsy spec i mens from pa -

tients with MesProGN only in ter sti tial CCR5+ cells were pos -

i tively cor re lated with the in ter sti tial cor ti cal vol ume.

More over, the mean value of in ter sti tial cor ti cal vol ume was

higher in IgAN pa tients than in MesProGN group. It is well

known that the mor phol ogy of IgAN may be iden ti cal to that

of MesProGN, how ever ap prox i mately 40% of IgAN pa tients

have in ter sti tial fi bro sis, mostly fo cal and mild to mod er ate in

se ver ity [7]. CCR5-pos i tive cells and CCR1-pos i tive cells,

which were a prom i nent part of the in ter sti tial in fil trate may be 

re lated to the tubulointerstitial dam age in these cases. Viel -

hauer et al. [20] showed that block ade of the CC chemokine

re cep tor CCR1 re duces in ter sti tial in flam ma tion and fi bro sis

in murine ob struc tive nephropathy and pro gres sive nephro pa -

thies such as FSGS. Segerer et al. [18] found a sig nif i cantly

higher num ber of CCR5-pos i tive cells in pa tient with im -

paired re nal func tion as com pared with pa tients with nor mal

re nal func tion. 

In con clu sion, an immunohistochemical com par a tive

study re vealed dif fer ences in the immunoexpression of

chemo kine and chemokine re cep tors in IgAN and

MesProGN. Our re sults sug gest that in the re nal tis sue in

IgAN pa tients MCP-1, RANTES and CCR5 are up-reg u -

lated as com pared with the re nal bi opsy spec i mens in pa -

tients with MesProGN. More over, MCP-1 as well as

CCR5 and CCR1-pos i tive cells may play a role in the in -

ter sti tial pro cesses lead ing to fi bro sis in IgAN, mean while 

CCR5-pos i tive cells may par tic i pate in the in ter sti tial le -

sions of re nal tis sue in MesProGN pa tients.
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