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The experimental data and the study on human renal
tissue in patients with glomerulonephropathies indicate
that monocyte chemoattractant protein-1 (MCP-1) plays
a main role in progression of inflammatory processes in
kidney diseases. Monocytes/macrophages are multifunc-
tional cells that may regulate matrix accumulation by pro-
ducing transforming growth factor -1 (TGF-B-1), which
plays an important role in the progression of renal dis-
eases. The present study was undertaken to evaluate the
relationships between the immunoexpression of MCP-1,
the number of CD68-positive cells, the immunoexpression
of TGF--1 and the extent of renal fibrosis as well serum
creatinine level in patients with lupus nephritis. Using
immunohistochemistry we analyzed the expression of
MCP-1, TGF-B-1 and the number of CD68+ cells in renal
biopsy specimens in 17 patients with IV class of lupus ne-
phritis and in 10 normal kidneys. Statistical analysis re-
vealed significant increase in the tubulointerstitial MCP-1
immunostaining in lupus nephritis as compared to normal
controls. In lupus nephritis the amount of glomerular and
interstitial CD68+ cells was higher than in control group.
None of the control sections have evidence of glomerular
or tubulointerstitial immunoexpression of TGF-B-1. In
patients with lupus nephritis TGF-B-1 was detected in the
renal tubular epithelial cells and the interstitium, and to
a lesser extent within glomeruli. The tubulointerstitial
MCP-1 immunoexpression was significantly correlated
with monocyte/macrophage interstitial infiltrates, the
immunoexpression of TGF-B-1 in tubuli and interstitium
as well as serum creatinine. Moreover, the tubulointer-
stitial immunoexpression of TGF-B-1 was significantly
positively correlated with renal interstitial cortical volume
and serum creatinine in patients with lupus nephritis. In

summary, these data suggest that in lupus nephritis
MCP-1 may play a role in modulating interstitial inflam-
matory process and in tubulointerstitial renal damage via
TGF-B-1 pathway.

Introduction

The pathogenesis of progressive renal diseases lead-
ing to end-stage renal failure is still largely unknown and
therefore is a subject of intensive investigation. There is
growing evidence that the participation of cellular and in-
flammatory mechanisms plays a critical role in the progres-
sion of renal disease. Tubulointerstitial inflammation
comprises an influx and proliferation of inflammatory cells
capable of producing a variety of local inflammatory media-
tors and activation of tubular as well as other intrinsic renal
cells. The recruitment of macrophages to sites of acute in-
jury represents a fundamental step in wound healing at any
site within the body [9, 20]. However, if these cells persist
after the initial damage is repaired, the fibrogenic responses
are often sustained with damaging consequences to renal ar-
chitecture. There is an increasing body of evidence that CC
chemokine monocyte chemoattractant protein-1 (MCP-1)
plays a major role in the pathogenesis of progression of re-
nal failure [3, 8, 21, 23]. MCP-1 is a major chemoattractant
for macrophages. Macrophages are multifunctional cells
that are capable of synthesizing a number of secretory prod-
ucts that contribute to ongoing of tissue injury. They may
also regulate matrix accumulation, primarily by producing
fibrosis promoting growth factors e.g. transforming growth
factor-f (TGF-B). The amount of extracellular matrix in the
interstitium reflects balance between the production and
degradation by proteases. TGF-B contributes to fibrogenesis
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by acting through both pathways. TGF- directly enhances
the synthesis of all major matrix proteins, such as fibro-
nectin, proteoglycans, and collagens. On the other hand
TGF-B inhibits matrix degradation by enhancing the pro-
duction of plasminogen activator inhibitors and enhancing
the activity of tissue inhibitors of metalloproteinases [ 1, 24].
The present study analyzes the immunoexpression of
MCP-1 and its relationships with monocyte/macrophage in-
filtration, the immunoexpression of TGF-B-1, the intensity
of renal fibrosis, as well as serum creatinine level in patients
with lupus nephritis.

Material and Methods

Patients

Renal tissue biopsies were obtained percutancously
for diagnostic purposes from 17 patients (14 females and 3
males, aged 19—47, mean age=31.4) with lupus nephritis.
The duration of SLE before biopsy ranged from 6 months
to 12 years, meanwhile the clinical and laboratory presen-
tation of kidney disease ranged from 1 to 14 months. Lab-
oratory data including urinalysis, 24 h protein excretion
and serum creatinine level were collected from each pa-
tient. At the time of biopsy 6 patients presented nephrotic
range proteinuria, in 10 patients proteinuria was more than
2 g/24 h, and in 1 case proteinuria was up to 2 g/24 h. Re-
nal function impairment was noted in 5 patients. In all
cases diagnosis of glomerulonephritis was based on char-
acteristic findings by light microscopy (sections stained
with hematoxylin and eosin, Masson-trichrome, Jones’
silver impregnation and periodic acid-Schiff followed by
alcian blue), immunofluorescence and electron micros-
copy using standard protocols. Classification of the histo-
pathological lesions refers to that of the World Health
Organization [2]. In all renal biopsy samples the histo-
pathological changes refer to IV WHO class of lupus ne-
phritis. As a control 10 biopsy specimens from the kidneys
removed because of trauma were used. None of the per-
sons from control group were known to have had previous
or actual renal disease. Before the quantitative examina-
tion was carried out, all control specimens were histo-
logically examined by an experienced nephropathologist
and found to be a normal renal tissue.

Immunohistochemistry

Paraffin sections were mounted onto superfrost slides,
deparaffinized, then treated in a microwave oven in a solution
of citrate buffer, pH 6.0 for 20 min and transferred to distilled
water. Endogenous peroxidase activity was blocked by 3%
hydrogen peroxide in distilled water for 5 min, and then sec-
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tions were rinsed with Tris-buffered saline (TBS, Dako Cyto-
mation, Denmark) and incubated with: polyclonal goat anti-
human MCP-1 antibody (R&D Systems, dilution 15 pg/ml),
polyclonal goat-anti-human TGF-B-1 antibody (Santa Cruz
Lab., dilution 1:200) and monoclonal mouse anti-human
CD68 antibody (DakoCytomation, Denmark, dilution 1:100).
Afterwards LSAB+/HRP Universal kit (DakoCytomation,
Denmark) prepared according to the instructions of the manu-
facturer was used. Visualization was performed by incubating
the sections in a solution of 0.5 mg 3,3’-diaminobenzidine
(DakoCytomation, Denmark), per ml Tris-HCl buffer, pH 7.6,
containing 0.02% hydrogen peroxide, for 10 min. After wash-
ing, the sections were counter-stained with hematoxylin and
coverslipped. For each antibody and for each sample a posi-
tive control and negative control were processed. Negative
controls were carried out by incubation in the absence of the
primary antibody and always yielded negative results.

Staining intensities of MCP-1 and TGF-B-1 in glome-
ruli, tubuli and renal interstitium were recorded by two inde-
pendent observers and graded from 0 (negative), 1 (weakly
positive), 2 (moderately positive) and 3 (strongly positive).
The mean grade was calculated by averaging grades as-
signed by the two authors and approximating the arithmeti-
cal mean to the nearest unity. Glomerular staining was
scored in all glomeruli within renal biopsy specimens. Tu-
bular and interstitial staining was scored in 10 consecutive
high power fields, avoiding glomeruli.

Morphometry

Histological morphometry was performed by means
of image analysis system consisting of a IBM-compatible
computer equipped with a Pentagram graphical tablet,
Indeo Fast card (frame grabber, true-color, real-time),
produced by Indeo (Taiwan), and color TV camera Pana-
sonic (Japan) linked to a Carl Zeiss microscope (Ger-
many). This system was programmed (program MultiScan
8.08, produced by Computer Scanning Systems, Poland)
to calculate the number of objects (semiautomatic func-
tion) and the surface area of a structure using stereological
net (with regulated number of points). The colored micro-
scopic images were saved serially in the memory of a com-
puter, and then quantitative examinations had been carried
out. Interstitial volume in the sections stained with Ma-
sson trichrome was measured using point counting me-
thod which is an adaptation of the principles of Weibel
[26]. The point spacing was 16 um. The number of the
points of a net was 169, and total arca was 36864 sq. pm.
Under the net described above 8—10 randomly selected ad-
jacent fields of the renal cortex were investigated. Glo-
meruli and large blood vessels were neglected. The
percent interstitial volume was an expression of the num-
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ber of points overlying renal cortical interstitium as a per-
centage of the total points counted.

Quantification of intraglomerular CD68-immunopo-
sitive cells: the number of positive cells per glomerular
cross-section in each section was obtained (semiautomatic
function) and used in the analysis.

Quantification of interstitial CD68-immunopositive cells:
interstitial monocytes/macrophages were determined by
counting CD68+ cells (semiautomatic function) in a sequence
often consecutive computer images of 400x high power fields
— 0.0047 mm? each. The results were expressed as a mean
number of CD68-immunopositive cells per mn’.

Statistical analysis

All values were expressed as the mean +SD (standard
deviation). The differences between groups were tested us-
ing Student’s t-test for independent samples preceded by
evaluation of normality and homogeneity of variances with
Levene’s test. Additionally the Mann-Whitney U test was
used where appropriate. Correlation coefficients were cal-
culated using Sperman’s method. Results were considered
statistically significant if P<0.05.

Results

The data of the glomerular and tubulointerstitial ex-
pression of MCP-1, TGF-B-1, a number of CD68-positive
cells and value of interstitial cortical volume are shown in
Tables 1 and 2. In normal kidneys the immunoexpression of

TABLE 1

MCP-1 was weak and focal in mesangium, in proximal and
distal tubular epithelial cells, renal interstitial cells and in-
terstitial vessel walls. In tissue samples in patients with
lupus nephritis the glomerular immunostaining of MCP-1
was mostly related to mesangium and infiltrating inflamma-
tory cells. Statistical analysis did not reveal significant dif-
ference between a glomerular MCP-1 immunostaining in
normal controls and renal tissue in lupus nephritis. In renal
biopsy specimens in lupus nephritis the immunoexpression
of MCP-1 was moderate to intense in tubular epithelium,
interstitium and interstitial infiltrating cells (Fig. 1). Statisti-
cal analysis revealed significant increase in tubulointer-
stitial MCP-1 immunostaining between renal tissue in lupus
nephritis and normal controls (P<0.001). None of the con-

Fig. 1. Moderate immunoexpression of MCP-1 in renal tubular epithelium
and interstitial infiltrating cells in patient with lupus nephritis. Magn. 400x.

The glomerular immunoexpression of MCP-1 and TGF-B—1 and the number of CD68+ cells within glomeruli in patients with

lupus nephritis and in normal controls

MCP-1 TGF-B-1 CD68+ cells
Lupus nephritis (n=17) 0.11+0.13 0.04+0.07 3.36+2.03
Normal controls (n=10) 0.03+0.05 0 1.0+0.6
P value P=0.08(NS) P<0.05 P<0.003
TABLE 2

Tubulointerstitial immunoexpression of MCP-1, TGF-B-1, the number of interstitial CD68-positive cells, and interstitial cortical

volume in patients with lupus nepbhritis and in normal controls

MCP-1 TGF-B-1 CD68+ cells Imersitilil;gmcal
Lupus nephritis (n=17) 155409 1.04+0.76 68.91+27.47 20.93+9.31
Normal controls (n=10) 0.38+0.26 0 33.99+18.06 10.941.58
P value P<0.001 P<0.001 P<0.002 P<0.003
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Fig. 2. TGF-B-1 immunostaining in renal tubular epithelial cells in lupus
nephritis. Magn. 400x.

Fig. 3. CD68+ cells in glomeruli and renal interstitium in lupus nephritis.
Magn. 400%.

trol sections have evidence of glomerular or tubulointer-
stitial immunoexpression of TGF-B-1. In renal biopsy
specimens in patients with lupus nephropathy TGF-B-1 was
detected in the renal tubular epithelial cells and interstitium
(Fig. 2), and to a lesser extent within glomeruli. In lupus ne-
phritis the amount of glomerular and interstitial CD68+
cells was higher than in the control group (P<0.003 and
P<0.002, respectively). The interstitial CD68-positive cells
were located near glomeruli or atrophic tubules (Fig. 3).
There were no correlations between glomerular CD68+
cells, the immunoexpression of MCP-1 and TGF--1 in
glomeruli in renal biopsy specimens in patients with lupus
nephritis (Table 3), meanwhile the tubulointerstitial MCP-1
immunoexpression was positively correlated with mono-
cyte/macrophage interstitial infiltrates (P<0.005), immuno-
expression of TGF-B-1 in tubuli and interstitium (P<0.004)
and serum creatinine (P<0.03) (Table 4). In lupus nephro-
pathy group the significant positive correlations were found

between the tubulointerstitial immunostaining of TGF-B-1,
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TABLE 3
The correlations between the glomerular immunomorpho-
logical parameters in patients with lupus nephritis

Correlations between:

MCP-1 and CD68+ cells r=0.18, P=0.47 (NS)

MCP-1 and TGF-$-1 r=0.34, P=0.17 (NS)

TGF-B-1 and CD68+ cells r=0.29, P=0.26 (NS)

TABLE 4
The correlations between selected interstitial parameters in
patients with lupus nephritis

Correlations between:

MCP-1 and CD68+ cells r=0.64, P<0.005

MCP-1 and TGF-B-1 r=0.66, P<0.004

MCP-1 and interstitial cortical volume r=0.45, P=0.07 (NS)

MCP-1 and serum creatinine r=0.68, P<0.003

TGF-B-1 and CD68+ cells r=0.73, P<0.001

TGF-B-1 and interstitial cortical volume r=0.49, P<0.05

TGF-B-1 and serum creatinine r=0.65, P<0.005

interstitial cortical volume (P<0.05) and serum creatinine
(P<0.005) (Table 4).

Discussion

The present study revealed an increase in the tubulo-
interstitial immunoexpression of MCP-1 in renal tissue spe-
cimens in patients with lupus nephritis, meanwhile the
intensity of glomerular MCP-1 immunostaining did not dif-
fer from normal controls. Similarly to our results, Wada et
al. [25] detected MCP-1 gene and protein in infiltrating
monocytes and in cortical tubular cells, but surprisingly not
in glomeruli in biopsies of systemic lupus erythematosus pa-
tients. In experimental study in New Zealand black mice
crossed with New Zealand white mice (NZB/W) which
serve as a model of lupus nephritis, in situ hybridization lo-
calized MCP-1 mRNA to intrinsic glomerular cells, infil-
trating mononuclear cells and tubular epithelium [27]. Dai
et al. [4] who studied an immunoexpression of MCP-1 in re-
nal tissue in patients with lupus nephritis revealed that
MCP-1 protein was mainly located at the baso-lateral sur-
face of tubular epithelial cells and on the wall of interstitial
blood vessels. It is suggested that an enhancement of
MCP-1 staining in tubular epithelial cells may result in part
from local production of MCP-1 and the chemotaxis of
macrophages towards the tubulointerstitial compartment
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may be further stimulated by MCP-1 expression produced
by tubular epithelial cells [16]. In our study the number of
monocyte/macrophages within glomeruli did not correlate
with the glomerular MCP-1 immunostaining, meanwhile
the number of CD68-positive cells in interstitium was sig-
nificantly correlated with the tubulointerstitial MCP-1 ex-
pression. These results are in concordance with the study of
Prodjosudjadi et al. [16], who found no significant correla-
tion between glomerular MCP-1 staining and glomerular in-
filtration of macrophages, and they concluded that maybe
other factors such as adhesion molecules play an additional
role in the infiltration of monocytes/macrophages. MCP-1 is
a potent and specific chemotactic and activating factor for
monocytes, and is thought to play a major role in recruiting
these cells into the site of inflammation [8, 11]. In different
forms of glomerulonephritis the strong correlation was
found between MCP-1 expression and monocyte/macro-
phage infiltration supporting a role of MCP-1 in the recruit-
ment of these cells during inflammatory processes [16, 18].
Gesualdo et al. [7] showed a statistically significant up-reg-
ulation of MCP-1 gene and protein expression particularly
within the areas of tubulointerstitial damage and the glo-
meruli in  cryoglobulinemic membranoproliferative
glomerulonephritis. They found a significant correlation be-
tween glomerular, as well as tubulointerstitial macrophage
infiltration and MCP-1 expression. Monocytes/macropha-
ges infiltrating renal tissue may be a source and/or reservoir
of cytokines and growth factors promoting and/or maintain-
ing the activation of resident cells [13, 24]. Infiltrating
monocytes/macrophages release lyzosomal enzymes, nitro-
us oxide, reactive oxygen intermediates and TGF-, which
play an essential role in renal damage. There are several ob-
servations in human and experimental glomerulonephro-
pathies correlating the presence of monocyte/macrophages
with the histological lesions and with clinical parameters,
such as serum creatinine and proteinuria [6, 19]. Our study
revealed a strong positive correlation between the tubulo-
interstitial immunoexpression of MCP-1 and serum creati-
nine, whereas there was no correlation between MCP-1 and
the cortical interstitial volume. These results are in contrary
to studies of Ou et al. [15], who suggest that chemokine pro-
duction in tubulointerstitium is more closely related to the
level of urinary protein than to serum creatinine. Urinary ex-
cretion of MCP-1 was studied in patients with active and in-
active lupus nephritis and was found to be markedly
increased during acute lupus nephritis [14, 25]. However,
the study of Dai et al. [4] revealed no correlation between
MCP-1 production in tubules and the degree of urinary pro-
tein excretion in patients with lupus nephritis. These authors
showed increased expression of MCP-1 in the renal tubules

and vascular wall in patients with lupus nephritis and strong
association of MCP-1 with the extent of interstitial fibrosis.
The present study reveals the statistically significant posi-
tive correlations between tubulointerstitial immunostaining
of TGF-B-1, interstitial cortical volume and serum creati-
nine in patients with lupus nephritis. It is known that TGF-3
consists of three isoforms (B1, B2 and B3) and is produced
by monocytes and resident cells [17]. TGF-B binds three
specific cell-surface receptors, and all of resident cells ex-
press at least one of the receptors and respond to TGF-8
[20]. The role of TGF-B as a major profibrotic cytokine in
various fibrotic diseases in multiple organ systems and in
particular in experimental renal disease has been well estab-
lished [1]. It is though, that extracellular matrix production
and/or deposition could be influenced by the presence of
MCP-1, either directly as a fibrogenic factor, or indirectly
through TGF-P, thus contributing to the development of fi-
brosis. Mice transgenic for an active form of TGF-B-1 de-
velop progressive renal disease characterized by
extracellular matrix accumulation, interstitial fibrosis and
proteinuria [10]. Evidence for the central importance of
TGF-P in mediating fibrosis in human kidney disease is well
supported by the correlation of TGF-B up-regulation with
extracellular matrix excess in any type of human kidney dis-
case [22]. Mezzano et al. [12] showed in renal tissue in
membranous nephropathy a strong up-regulation of MCP-1,
regulated upon activation T cell expressed and secreted
(RANTES), osteopontin, TGF-B and platelet derived
growth factor (PDGF) mainly in tubular epithelial cells, and
an association with the presence of myofibroblasts. It is as-
sumed that the interactions between resident cells (tubulo-
epithelial and fibroblastic) and infiltrating inflammatory
cells (lympho-monocytic) lead to the initiation and progres-
sion of tubulointerstitial scarring [9]. Tubular epithelial
cells have the capacity to regress from an adult, mature
phenotype to an embryonic one in response to injurious
stimuli. This so-called transdifferentiation has been repor-
ted in response to a variety of growth factors: interleukin-1
(IL-1), epidermal growth factor (EGF) and TGF-B-1 [5].
In conclusion, our results confirmed a pivotal role of
MCP-1 in pathogenesis of interstitial kidney damage in
lupus nephritis. The mediators of inflammation activate
tubular and interstitial cells to produce chemokines, re-
cruitment of inflammatory monocytes/macrophages and
activation of growth factors. The strong positive correla-
tions between tubulointerstitial immunoexpression of
MCP-1, TGF-B, interstitial monocytes/macrophages, cor-
tical interstitial volume and serum creatinine suggest that
in lupus nephritis MCP-1 may play an important role in
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modulating interstitial inflammatory process and in
tubulointerstitial renal damage via TGF-B-1 pathway.
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