
Vol 9, No. I . January - March 2000 Monocyte chemoattractant protein- I I 3

Monocyte chemoattractant protein-l in glomerular disease and renal
transplantation

Wiguno Prodjosudjadi

Abstrak

Infiltrasi nnkrofag pada glomerulus atau tubulointerstitium_mempunyai peran penting pada patogenesis berbagai penyakit
ginjal. Pennhaman mekanisme yang bertanggung jawab atas terjadinya migrasi monosit dari intrayaskuler ke tempat
kerusakan jaringan sekarang nulai meningkat. Salah satu sitokin kemotaktik yang terlibat pada migrasi monosit adalnh
MCP-l (monocyte chemoattractant protein-l). MakaLah ini merupakan kilas balik (review) penelitian kami dan penelitian
lain tentang peran MCP-I pada migrasi monosit ke dalam glomerulus dan tubulointerstitium pada berbagai penyakit
glomeruler dan rejeksi akut ginjal cangkok.

Abstract

Infiltration of macrophages in the glomeruli or tubulointerstitium play an important role in the pathogenesis of various types
of renal disease. The mechanisms responsible for the migration of monocytes from the intravascular compartment to the place
of tissue injury srs now increasingly understood. Monocyte chemoattractant protein-l (MCP-I) is one of chemotactic
cytokines involved in the migration of monocytes. This paper reviewed our studies and others on the role of MCP-I in the
migration of monoc),tes into the glomeruli and tubulointerstitiunt, in glomerular diseases and acute renal allograft rejection.
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Glomerular diseases are still a major cause of end stage
renal disease. Renal damage in glomerulonephritis
(GN) is an immune response against intrinsic as well
as extrinsic antigens. Immune complex deposition
both from the circulation or in situ deposition
initiates the inflarnmatory process of the glomeruli
leading to renal injury. This process is characterized
by infiltration of mononuclear or polymorphonuclear
leukocytes. It has become clear recently that various
proinflammatory mediators released by infiltrating
cells play an important role in the pathogenesis of
glomerular diseases. In various types of glomerular
disease, macrophages are found as a predominant
phenotype of infiltrating cells in the glomeruli.
Recently, evidence showed that tubulointerstitial
changes have a significant correlation with the
progression of disease manifested by deterioration of
renal function.' These changes are characaterized by
infiltration of macrophages, tubular atrophy, and
eventually, renal fibrosis of the interstitium. The role
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of macrophages in the pathogenesis of glomerular
diseases has been extensively studied in experimental
animals as well as in humans. The mechanisms
responsible for the migration of monocytes from
intravascular compartment into the site of injury are
now increasingly understood. Several factors such as

adhesion molecules and chemotactic cytokines are
involved in the migration of inflammatory cells.2 This
paper reviews our studies and others, and focuses on
the role of chemotactic factor MCP-I (monocyte
chemoattractant protein-l) in the migration of
macrophages into the glomeruli and renal interstitium
in glomerular disease and acute renal transplant
reJectlon.

The migration process of monocytes / macrophages

The cellular directional movement on the basis of a
concentration gradient of chemotactic factor js
defined as a chemotaxis. With regard to the monocyte
chemotaxis, the presence of a member of the
chemotactic cytokines (MCP-l) has been described as

an important chemoattractant for monocytes.3 MCP-l
is a basic protein, with a molecular weight of 8.7 kDa
as assessed by amino acid sequence. This protein
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migrates as 15 and 13 kDa band in SDS-PAGE,

namely MCP-lcr and MCP-Ip, respectively. Since
both of MCP-I can not be distinguished by amino

acid sequence and also were precipitated by a rabbit

antibody induced by pure MCP- I p, it has been

assumed that both MCP-I represent a single gene

products. The molecular weight diff'erences are based

on the difTerences of the glycosylation, eventhough,

dcles not affèct their 
"upu"ity 

as chemotactic t'actor.a

Chemokines, including MCP-1, bind to cell surface

G-linked receptors and initiate changes in cell
tunction, shape and expression of molecule involved
in adhesion. The expression of MCP- I receptor
(CCRI) was found on the cell surf'ace of monocytes

and activated T lymphocytes but not on the

neutrophils.2 Therefbre, MCP- I is a specific
chemotactic factor fbr monocytes as well as T
lymphocytes, but not for neutrophils. MCP-1 is

produced by several renal cells such as glomerular
cells and proximal tubular epithelial cells and variotts

non-renal cells. The production of MCP-l is increased

under the stimulation of IL-1, TNF-ct, and intertèron
gamma (INF-y) .5'6

Adhesion molecules are also involved in the

migration of inf'lammatory cells, including
monocytes. The four coordinated steps in the

migration process are tethering and rolling, trigerring,
strong adhesion, and transendothelial migration. In the

early stage, tethering and rolling of the leukocytes on

the endothelial cell surface are mediated by adhesion
molecule selectins. The interaction between
leukocytes and vascular endothelial cells is mediated
by carbohydrate-containing counter-receptors through
the binding of leukocyte selectin (L selectin) or
endothelial selectins (E and P selectins). In renal
diseases, glomerular endothelial cells promote
leukocyte adhesion through the expression of L-
selectin following exposure to proinflammatory
cytokines.T In the second step, leukocytes have been

trigerred by various chemokines or molecules such as

CD3l or platelet-endothelial cell adhesion molecule-l
(PECAM-I) released by activated endothelial cells.
This signaling event causes the'activation of integrins
on leukocytes, arrest the rolling process, subsequently
proceeding to a strong adhesion of leukocyte on the

endothelial cell surface. The tight adhesion involves
the interaction between VLA-4 (very late antigen-4)
on leukocytes and VCAM-I (vascular cell adhesion
molecule-l) which is expressed by stimulated
endothelial cells.T Lymphocyte function-associated
antigen-l (LFA-I) secures the firm attachment of
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leukocytes on the endothelial cell surface via its
interaction with intercellular adhesion molecule-l
(ICAM-I) present on endothelial cells. The strong
adhesion between leukocytes and endothelial cell
surtâce is not permanent. This interaction is loosened'

sufTciently for leukocytes or monocytes to

transmigrate without being swept away by the flowing
blood. Infiltrating macrophages are capable of
secreting a wide range of inflammatory mediators,
which has been associated with, or have been

demonstrated to cause glomerular injury.

The role of MCP-I in the influx of macrophages
into the glomeruli

Infiltration of macrophages into the glomeruli have

been reported in various types of proliferative GN,
especially crescentic GN. The number of
macrophages in the glomeruli correlates with the level
of proteinuria, therefbre, it has been assumed that
macrophages participate in glomerular injury. The

role of MCP-l in the recruitment of macrophages into
the glomeruli has been studied both in humans and in
experimental animals.8 Our study demonstrated that in
renal biopsy of patients with extracapillary
prolitèrative GN, membrano-proliferative GN and

lupus nephritis, the numbers of glomerular infiltration
of macrophages are increased as compared to normal
kidneys.e Based on the result of this study, we expect
that the intensity of MCP-1 stainirrg in the glomeruli
using IgG anti-MCP-1 polyclonal antibody would be

increased in these diseases. However, the intensity of
MCP-I staining was found not to be significantly
increased. Surprisingly, in membranous nephropathy
the non-inflammatory type of GN, the intensity of
MCP-l staining in the glomeruli was significantly
stronger than that in normal kidneys. Rovin et al,

reported that glomerular MCP-l was found in human
inflammatory glomerulopathies, but not in glomerular
diseases lacking a prominent monocyte infiltrate such

as membranous nephropathy.8 The increased intensity
of MCP-I staining in the glomeruli of membranous
nephropathy, particularly the strong intensity of MCP-
I starning by glomerular visceral epithelial cells
(GVEC), motivated us to perfbrm an in vitro study to
investigate whether human GVEC produce MCP-I.
Our study found that IL-la and TNF-o stimulate the
productiôn of MCP-I by GVEC.rO [t was shown that
in GVEC culture, the culture medium containing IL-
la 250 pg/ml or TNF-cr 250 UlnI-, significantly
increased the production of MCP-I by l.l4 + 0.26
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ngll04 cels and l.l5 + 0.02ngll}a cells, respectively,
as compared to 0.59 + 0.23 ngll}a cells cultured in
medium alone. Cycloheximide was able to inhibit the
production of MCP-I by 77Vo and the inhibitory effect
was fully reversible by culturing the cells without
cycloheximide. This fact indicates de novo production
of MCP-I by GVEC. Northern blot analysis also
demonstrated that the expression of MCP-I mRNA
was clearly up-regulated by IL-lo and TNF-u,.rO
These findings suggest that MCP-I might play a role
in the development of glomerular injury in various
types of glomerular disease. Furthermore, MCP-I
staining in GVEC was also found to be higher in
glomerulosclerosis than in normal kidneys. The
primary damage of GVEC and glomerular
macrophages has been held responsible for the
development of glomerulosclerosis.ll'12 Probably,
MCP-1 produced by GVEC plays an additional role in
the influx of monocytes into the glomeruli.
Macrophages and GVEC do participate in the
formation of crescents which may occur as a
complication in many forms of glomerular disease
including membranous nephropathy. Glomerular
expression of MCP-I both in the level of mRNA and
protein, has been reported to be increased in
experimental crescentic GN in rats.l3 Therefore, we
speculate that MCP-I derived from GVEC plays an
additional role in the formation of crescents. Further
studies are needed to confirm this speculation.

The role of MCP-I in the migration of
macrophages into the interstitium

Infiltration of macrophages are not only important in the
glomeruli but also in the interstitium. In almost all types
of glomerular diseases, T lymphocytes and
macrophages are the predominant cell types observed in
the tubulointerstitium. The degree of interstitial infiltrate
correlates well with the decline of renal function.ra Our
study demonstrated that the number of infiltrating
macrophages in the tubulointerstitium was significantly
increased in all types of glomerular disease as compared
to normal kidneys. The number of .macrophages in the
tubulointerstitium correlates inversely with the degree
of renal impairment.e This study also showed that the
intensity of MCP-1 staining in tubular epithelial cells in
renal biopsies of patients with membranous
nephropathy, IgA nephropathy, and glomerulosclerosis
is stronger than the MCP-I staining in normal kidneys.
The intensity of MCP-I staining in proximal tubular
epithelial cells (PTEC) in these diseases is associated
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with a significant increase of interstitial macrophages.e
This finding was supported by the fact that
macrophages can be observed in the vicinity of MCP-I
positive tubular epithelial cells.t5 Furthermore, our in
vitro stldy showed that human PTEC obtained from
kidneys are not suitable for renal transplantation,
produce MCP-I and the production is increased in the
presence of inflammatory cytokines IL-lo and TNF-
q,.r5 This finding is supported by the data obtained from
Northem blot analysis and the fact that IL-1- or TNF-a-
stimulated PTEC markedly induced the expression of
MCP-I mRNA. These findings indicate that MCP-I is
produced by PTEC in situ. Since MCP-I isolated from
supematants of PTEC cultures has a chemotactic
activity on monocytes as assessed using a 48-well
modified Boyden chamber, it is suggested that local
production of MCP-I by PTEC plays a role in the
migration of monocytes into the tubulointerstitium. The
fact that the intensity of MCP-I staining in tubular
epithelial cells was not significantly increased in
membranoproliferative GN, extracapillary proliferative
GN and lupus nephritis despite the increased number of
macrophages in the tubulointerstitium suggests that
there are factors other than MCP-I that are responsible
for the directed migration of monocytes.e Another
possible explaination for the discrepancy between the
intensity of MCP-I staining in tubular epithelial cells
and the number of macrophages in the tubulo-
interstitium is the ability of infiltrating macrophages to
proliferate locally. This evidence was also observed in
the experimental model of anti-GBM nephritis in rats
and in the model of acute allograft rejection.r6'17

In acute renal transplant rejection, macrophages and T
lymphocytes are found in the tubulointerstitium. Using
an immunohistochemical analysis we demostrated a
significant increase of peritubular macrophages in renal
allograft biopsies of patient with acute rejection.e
Moreover, the high intensity of MCP-l staining is also
found in tubular epithelial cells of renal biopsies with
acute renal transplant rejection. These findings
motivated us to evaluate the role of MCP-I in renal
transplantation. We demonstrated that urinary excretion
of MCP-1 is significantly higher in patients with acute
rejection as compared to the patients without rejection.rs
We also found that fractional excretion of MCP-I was
significantly higher in patients with acute rejection than
those without rejection. The tïactional excretion of
MCP-I was calculated on the basis of MCP-I and
creatinine clearances, therefore, this parameter may give
more reliable impression of MCP-I renal handling.
Glomerular filtration rate (GFR) decreases during acute
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rejection and the fractional excretion of MCP-I is
around lNVo.In some samples, the fractional excretion
can even be more than lOjVo. This fact indicate that the
increase of MCP-1 excretion in the urine during episode

of acute rejection is the result of local production by
tubular epithelial cells.18 However, the possible
contribution of macrophage-derived MCP-1 in the urine
could not be excluded. MCP-I locally produced by
tubular epithelial cells may induce the influx of
macrophages into the intertsitium during the episode of
acute rejection. Of course, factors other than MCP-I
should also be considered as mediators responsible for
the migration of monocytes into the tubulointerstitial
space. Interferon gamma released by activated T
lymphocytes which are involved in acute renal allograft
rejection, up-regulates the expression of ICAM-I and
v-Cav-t by tubular epitheliai cells.'e'20 Moreover, our

in vitro study showed that IFN-y stimulates the
production of MCP-I by PTEC in culture.r5 These

findings suggest that MCP-I, at least in parl, is

responsible in the migration of monocytes into the
interstitium during rejection. Interestingly, in episodes

of acute rejection based on clinical grounds and
histology of renal biopsy, the increase of urinary MCP-I
excretion preceded the ihcrease of serum creatinine in
64Vo ofthe cases, and was observed the day before renal
biopsy in 82Vo of the cases.'t Th"r" findings suggest

that increased urinary excretion of MCP-I can be used
as a marker for acute renal allograft rejection. In other
study we investigated the role of serum concentration
and urinary excretion of IL-6 or IL-8 as markers for
acute renal transplant rejection and compared with
urinary excretion of MCP-I [unpublished data]. We
observed that urinary excretion of MCP-I is a better
marker to diagnose the episodes of acute rejection than

urinary excretion of IL-6. Serum level of IL-6 or IL-8
and the urinary excretion of IL-8 can not be used as

reliable markers for the detection of acute rejection.

Potential role of MCP-I. for future intervention

The role of MCP-I in the influx of macrophages into
the glomeruli and the tubulointerstitium was
investigated in order to obtaiir the insight into the
pathogenesis of various types of glomerular disease and
ihe dJvelopment of acute renal transplant rejection.zt'zz

The infiltration of macrophages plays an important role
in glomerular injury. This finding suggests that the

application of antiMCP-l antibody may inhibit the

inflammatory process. Furthermore, it was observed in
model that anti-MCP-l antibodies

infi ltration and proteinuria.23
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CONCLUSIONS

The studies reported in this paper suggest that MCP-I
plays a role in the infiltration of macrophages into the
tubulointertstitial in different types of glomerular
disease such as membranous nephropathy, IgA
nephropathy, and glomerulosclerosis. The role of
GVEC derived MCP-I on the inlux of macrophages
into the glomeruli is not fully clear, however, we
speculate that this chemokine plays an additional role
in the formation of crescents, especially in
membranous nephropathy. Proximal tubular epithelial
cells are sources of MCP-I, and locally produced
MCP-I by PTEC plays a role in the influx of
macrophages in various type of glomerular diseases

and in acute renal transplant rejection. Urinary
excretion of MCP-l can be used as a potential marker
for the detection of acute rejection.
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