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Abstract 

Recent studies of q^okines, chemokines, adhesion molecules and growth factors have 
enhanced our understanding of molecular mechanisms of leukocyte trafficking and 
their activation in the inflammatory phase of various renal diseases. Interactions be­

tween infiltrated inflammatory cells and resident renal cells are actively involved in the patho­
genesis of phase-specific renal disorders. Furthermore, a number of proinflammatory and 
fibrogenic cytokines, chemokines and growth factors exert their biological activities through 
their receptors expressed on resident renal cells, to induce inflammatory responses that eventu­
ally lead to the development of fibrosis in various renal diseases. Thus, measuring the levels of 
certain proinflammatory molecules might provide useful information about the inflammatory 
state of the diseased kidney and could have clinical importance and significance. The selective 
intervention of some of these molecules might have the therapeutic potential to modulate renal 
inflammatory responses, and thereby could alter disease progression. Despite the apparent re­
dundancy, accumulating evidence supports this possibility. In this chapter, we will briefly sum­
marize the specific roles of certain proinflammatory molecules in the pathogenesis of various 
human and experimental renal diseases. 

Introduction 
The interactions of activated infiltrated cells and resident renal cells are actively involved 

in the pathogenesis of renal inflammation. The trafficking of leukocytes from peripheral blood 
into the kidneys is an important inflammatory event that is encountered in the early phases of 
most renal diseases.^ Proinflammatory molecules, through their interactions with receptors 
expressed on leukocytes and resident renal cells, can induce a number of cytokines, chemokines, 
adhesion molecules and growth factors, both by autocrine and/or paracrine loops, during acute 
and chronic phases of various renal diseases. Some of these secreted molecules are not only 
involved in the inflammatory phase of the disease, but also contribute to the development of 
subsequent renal fibrosis. 
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Participants in Renal Inflammation 

Inflammatory Infiltrates 
The main inflammatory cells actively involved in the early phase of various renal diseases 

are neutrophils, macrophages, and lymphocytes. One of the mechanisms of neutrophil and 
macrophage infiltration into diseased kidneys is via activation of adhesion molecules to induce 
the release of lysosomal enzymes and generation of superoxide anions to initiate inflammatory 
events and subsequent tissue damage. In contrast, macrophages also have a scavenging role in 
the clearance of nonself and/or altered-self materials, including glycated proteins and oxidized 
lipoproteins. Macrophages exert dual effects in renal injury, i.e., damaging and protective 
effects. Therefore, infiltrated and activated macrophages play a crucial role in the pathogenesis 
of both inflammatory and fibrotic phases of the disease process. Certain chemokines, includ­
ing monocyte chemoattractant protein (MCP-1), are involved in the recruitment of macroph­
ages in diseased kidneys. In addition, macrophage colony-stimulating factor (m-CSF) is ac­
tively involved in monocyte and macrophage survival, proliferation, and chemotaxis. 
Overexpression of m-CSF by tubular epithelial cells is closely associated with the interstitial 
accumulation and proliferation of macrophages, as demonstrated in experimental anti-glomerular 
basement membrane (GBM) nephritis and unilateral ureteral obstruction models.^ A correla­
tion between overexpression of m-CSF and accumulation of macrophages has also been dem­
onstrated in various human and experimental diseases, including glomerulonephritis.^' Simi­
larly, increased expression of macrophage migration inhibitory factor (MIF) has been shown to 
be involved in human and experimental models of tubidointerstitial injury, possibly by facili­
tating the interstitial accumidation of macrophages and lymphocytes. '̂  Infiltration of in­
flammatory cells, including lymphocytes, into diseased kidneys, exerts inflammatory responses 
by secreting certain proinflammatory cytokines and chemokines. In kidneys of autoimmune 

mice, a dynamic interaction of macrophages and lymphocytes has been shown to 
be the result of nephritogenic cytokines.^ ̂  

Resident Renal Cells 
In addition to inflammatory infiltrates, there are at least two groups of resident renal cells 

that actively participate in the inflammatory phase of various renal diseases; these are glomeru­
lar cells (mesangial cells, endothelial cells and epithelial cells), and tubulointerstitial cells (tu­
bular epithelial cells, interstitial cells and peritubular capillary endothelial cells). These intrarenal 
cells are capable of proliferation, differentiation, and synthesis of various proinflammatory 
cytokines, chemokines, and growth factors in response to various stimuli, which in turn aug­
ment inflammatory responses. In addition, activated and transformed resident renal cells regu­
late extracellular matrix (ECM) remodeling by inducing the synthesis of fibrogenic molecules. 
Recendy, it has been suggested that injury to the renal microvasculature contributes to the 
progression of a number of renal diseases. For instance, Ohashi et al demonstrated that early 
angiogenic responses, such as peritubular capillary regression, were followed by progressive 
deletion of endothelial cells by apoptosis in experimental obstructive nephropathy.^^ 

Using a bone marrow transplantation model, Imasawa et al recendy reported the poten­
tial of bone marrow-derived cells to differentiate into glomendar mesangial cells. In an experi­
mental model of anti-Thyl nephritis, I to et al̂ ^ reported an increased number of bone 
marrow-derived Thy 1 (+) cells constituting about 7 to 8% of glomerular cells. These reports are 
interesting, and suggestive of the presence of bone marrow-derived mesangial cells in nephritis. 
Further studies are needed to determine the pathogenic role of these marrow-derived mesangial 
cells in various renal diseases. 
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Major Mediators Involved in Renal Inflammation 

Chetnokines 
The chemokine family is divided into four groups depending on conserved cysteine resi­

dues that form disulfide bonds in the chemokine tertiary structure. ̂ '̂ The CXC subfamily 
contains a single nonconserved amino acid separating the first two cysteine residues. The CC 
and CXXXC subfamilies have either none or exacdy three nonconserved amino acids between 
the cysteines, respectively. The C chemokine subfamily, is unique in that only two of the four 
cysteine residues (i.e., the first and third) are present. More than AA chemokines and 18 
chemokine receptors have been identified. Recent studies have documented that chemokines, 
through the binding of their cognate receptors, play an important role in the pathogenesis of 
various renal diseases by regulating leukocyte trafficking at inflammatory sites. 

Interferon-inducible protein (IP)-10/CXCL10 is a mitogenic factor for mesangial cells 
and possibly acts via the cognate receptor, CXCR3.^^The constitutive glomerular expression 
of CCR7 and its ligand, secondary lymphoid tissue chemokine (SLC/CCL21), by adjacent 
renal cells suggests the involvement of this specific chemokine/chemokine receptor interaction 
in regulating glomerular homeostasis and regeneration.^^ In addition, the regulation of 
interleukin (IL)-8/CXCL8 and MCP-1 (also known as monocyte chemotactic and activating 
factor [MCAF])/CCL2 are closely related to the lu-inary excretion of protein in experimental 
models ' and human nephrotic syndrome;^^ the glomerular protein leakage is possibly due 
to increased permeability of the glomerular capillaries. A recent report described the expression 
of CCR4, CCR8, CCR9, CCRIO, CXCRl, CXCR3, CXCR4, and CXCR5 in cultured 
podocytes; the expression of CXCRl, CXCR3, and CXCR5 was also detected in podocytes of 
human kidney sections.̂ "^ It is likely that the release of oxygen radicals that accompanies the 
activation of CCRs and CXCRs may contribute to podocyte injury and the development of 
proteinuria."^^ 

Recent studies have documented a direct link between locally and systemically produced 
chemokines and the infiltration and activation of leukocytes in the kidneys. The infiltration of 
Thl T cells in the interstitium in human renal diseases is pardy regulated upon activation of 
normal T cells that express and secrete (RANTES)/CCL5, through its interaction with its 
cognate receptors, CCRl and CCR5.^^ RANTES was also upregulated in the kidneys of a 
murine lupus nephritis model, MRL-Zvzr̂ '̂  mice, prior to renal injury, and increased with pro­
gression of the injury. When tubular epithelial cells genetically modified to secrete RANTES 
were infused under the renal capsule, features of interstitial nephritis developed in MRL-Tvz/̂ '̂  
mice. RANTES fostered the accumulation of CD4^ cells. In addition, circulating compo­
nents, including CD4^ cells, were required to incite renal injury in mice via both 
cellidar and humoral immune responses. ̂ ^ Therefore, the manipulation of lymphocyte traf­
ficking by blocking the bioactivities of certain chemokines could have a potential therapeutic 
efî ect in renal diseases. 

Cytokines 
The renal inflammatory response is a midtistep and midtifactorial process, mainly orches­

trated by the cross-talk of cytokines. Among the cytokines, IL-1 and tumor necrosis factor 
(TNF)-a are the most extensively studied molecules, and have been found to play an impor­
tant role in the inflammatory phase of various renal diseases. These two cytokines are capable 
of, (1) regulating proliferation of resident renal cells (mesangial cells, endothelial cells), (2) 
augmenting production of inflammatory mediators (cytokines, chemokines, prostaglandins, 
free radical oxygen and superoxide anions), and (3) facilitating recruitment of inflammatory 
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cells into the injured kidneys via the expression of chemokines. In addition, the upregulation 
of these proinflammatory cytokines is closely related to the degree of apoptosis during inflam­
mation. 

The two different subsets oiCDA^ lymphocytes (Thl andTh2 subsets) produce difî erent 
groups of cytokines. Thl cytokines include IL-2, IL-12, IL-18 and interferon (IFN)-Y, while 
IL-4, IL-5, IL-10, and IL-13 represent Th2 cytokines. Thl cytokines are capable of activating 
monocytes, lymphocytes and resident renal cells, which augment immunoinflammatory responses via 
cellular immunity. In contrast, Th2 cytokines direcdy activate B cells to switch on humoral 
immunity and induce human endothelial cell adhesiveness for T cells via generation of adhe­
sion molecules. In particidar, Thl-predominant nephritogenic immune responses are associ­
ated with severe proliferative and crescentic glomerulonephritis. In contrast, Th2 predomi­
nance is presiuned to contribute to minimal change nephrotic syndrome and membranous 
nephropathy. Interestingly, lupus nephritis and IgA nephropathy have aspects of both Thl and 
Th2 predominance in a phase-specific manner. 

The transition from neutrophil infiltration to mononuclear cell infiltration is an impor­
tant feature of inflammation. Recendy, a role for IL-6 and its soluble receptor has been sug­
gested in the transition from neutrophil to monocyte recruitment during inflammation. During 
acute inflammation, IL-6 might help in the resolution of the neutrophiUc infiltrates. In con­
trast, during chronic inflammation, IL-6 might contribute to increased infiltration of mono­
nuclear cells. These findings are suggestive of a new role for IL-6 in the inflammatory process. 

Leukocyte Trafficking During Renal Inflammation 
Cell-cell interaction has an enormous impact on renal inflammation. Leukocyte traflick-

ing at the inflammatory site comprises two major events: first, the activation and firm adhesion 
of leukocytes on endothelial surfaces and, secondly, the diapedesis and transmigration through 
the endothelial cells into the inflammatory sites of the renal tissue (Fig. 1). Leukocyte adhesion 
molecules are responsible for these steps and/or events. Major molecules involved in leukocyte 
trafficking include the seleain family of molecules and their glycoprotein ligands, integrins 
and immunoglobulin-like leukocyte adhesion molecules.^^ Selectin-mediated rolling and 
integrin-mediated firm adhesion is involved in the binding of leukocytes to the endothelium. 
In addition, recent studies have shown that chemokines, through their cognate receptors, play 
an important role in these steps. Chemokines expressed on the surface of endothelial cells 
interact with their cognate receptors on specific leukocytes, a process that triggers activation of 
adhesion molecules and result in firm adhesion of leukocytes to the surface of endothelial cells. 
Once leukocytes migrate into the interstitium, chemokines and proinflammatory cytokines 
produced by both resident cells and infiltrated inflammatory cells exert a wide range of biologi­
cal activities at the inflammatory sites. Selective expression of chemokine receptors and adhe­
sion molecules on specific cell populations determines the specific types of infiltrating cells in 
inflamed kidneys. Thus, the interaction of infiltrating cells and endothelial cells orchestrated 
by chemokines and adhesion molecules regulates sequential migratory patterns of specific types 
of leukocytes in a multistep manner. 

Chemokine Systems in the Kidney from Acute Injury to Renal 
Scarring: The Chemokine Cascade 

In renal inflammation, the type of leukocytes that infiltrate into the kidneys depends on 
the type of insult and phase of the disease; neutrophils are the predominant cells in acute 
inflammation, while macrophages, lymphocytes and plasma cells comprise the dominant cell 
populations in chronic inflammation. Fibrogenic factors released by some of these chronic 
inflammatory cells are involved in subsequent renal fibrogenesis (Fig. 2). Given the presence of 
a biologically active chemokine amplification cascade in the kidney,^^ a switch from acute 
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Figure 1. Proinflammatory molecules and kidney. 

inflammation to chronic inflammation in various renal diseases may depend on the expression 
and bioactivity of specific chemokines. In human renal diseases, the presence of IL-8 in dis­
eased kidneys reflects an acute disease stage, associated with neutrophil infiltration and hema­
turia (Fig. 2). In contrast, the presence of elevated MCP-1 expression is suggestive of a chronic 
stage of disease, especially in tubulointerstitial lesions through the recruitment and activation 
of macrophages. Moreover, the measurement of urinary MCP-1 levels is a useful clinical tool 
for monitoring the disease activity of inflammatory renal disorders."^ In addition, MCP-1 has 
been shown to mediate collagen deposition in an experimental model of nephritis, through its 
interaction withTGF-p^^ It is therefore likely that increased expression of MCP-1 in the chronic 
inflammatory stage of a particular disease may contribute to subsequent renal fibrosis, by regu­
lating the synthesis of coUagens. In support of this notion, the administration of anti-MCP-1 
antibodies prevented the infiltration of leukocytes and development of renal fibrosis in a rat 
model of crescentic glomerulonephritis.^^ Thus, the positive amplification loop from CXC 
chemokines to CC chemokines (the "chemokine cascade") plays a crucial role, not only in early 
inflammatory events, but also in late fibrotic events of various renal diseases (Fig. 3). 

The MCP-1/CCL2-TGF-P Axis: A Common Regulatory Pathway of 
Chronic Renal Inflammation Resulting in Renal Scarring 

MCP-1 does not only regulate inflammatory events, but is also involved in progressive 
glomerular and interstitial damage resulting in renal scarring in various renal diseases. Recent 
studies suggest that MCP-1 plays an important role in the pathogenesis of metabolic renal 
disorders, such as diabetic nephropathy and noninflammatory nephrotic syndrome. Locally 
produced MCP-1, via recruiting and activating macrophages, contributes to the development 
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Figure 2. Relevance of the "chemokine cascade" in explaining the particular clinical symptoms and patho­
logical changes in human renal diseases (modified fi-om ref. 99). 

of interstitial lesions in human diabetic nephropathy.̂ "^ In diabetic nephropathy, urinary MCP-1 
levels were significantly elevated in patients with advanced tubulointerstitiai lesions. Moreover, 
urinary levels of MCP-1 showed a positive correlation with the increased infiltration of 
CD68-positive macrophages in the renal interstitium. Furthermore, studies using immunohis-
tochemistry and in situ hybridization techniques showed increased number of MCP-1-expressing 
cells in the interstitium of kidneys affected by diabetes. These observations suggest that locally 
produced MCP-1 is involved in the development of tubulointerstitiai lesions in diabetic neph­
ropathy, possibly by regulating recruitment and activation of macrophages. Overexpression of 
MCP-1 and certain fibrogenic molecules, including platelet-derived growth factor (PDGF) 
and transforming growth factor beta (TGF-p), has been shown to be associated with interstitial 
accumtdation of mononuclear cells and myofibroblastic transformation of resident cells in 
patients with membranous nephropathy.^^ Recendy, an intrinsic regulatory loop, in which 
MCP-1 stimulates TGF-P production by resident glomerular cells, has been suggested in the 
absence of infiltrating immune competent cells. Increased renal expression of TGF-p both at 
the mRNA and protein levels, was detected in isolated rat kidneys that were perfused with a 
polyclonal anti-thymocyte-1 antiserum and rat serum; this effect was attenuated by coperfusion 
with a neutralizing anti-MCP-1 antibody but was pardy mimicked by perfiision with recombi­
nant MCP-1 protein.^ These results suggest an additional role for MCP-1 in fibrotic renal 
diseases, possibly by interacting with TGF-P. 

Molecular Basis of Inflammation in Various Renal Diseases 

Ischetnia-Reperfiision Injury 
Renal ischemia-reperfusion is usually encountered in renal transplantation, in patients 

with shock and circulatory collapse, or in renal artery stenosis. Ischemia-reperfusion injury in 
the kidney is pathologically characterized by tubular epithelial cell necrosis and/or apoptosis 
with marked inflammatory cell infdtration. Resident renal cell- and infiltrated inflammatory 
cell-secreted cytokines and chemokines, such as TNF-a, IL-1, IL-8, MCP-1 and RANTES 
play important roles in the induction and propagation of renal injury. Recendy, a more specific 
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Figure 3. Schematic diagram of molecules involved in die multistep and multifactorial renal diseases that 
eventually lead to end stage renal failure. Not all molecules involved are included in this figure, in order to 
keep the diagram simple. [IL-1: Interieukin-1, IL-4: Interleukin-4, IL-8: Intedeukin-8, TNF-a: Tumor 
necrosis faaor-a, MCP-1: Monocyte chemoattraaant protein, RANTES: Regulated upon aaivation, 
normal T cell expressed and secreted, m-CSF: Macrophage colony-stimulating factor, MIF: Macrophage 
migration inhibitory factor, PDGF: Platelet-derived growth faaor, ET-1: Endothelin 1,ATII: Angiotensin 
II, TGF-pl: Transforming growth factor betal, CTGF: Connective tissue growth factor, bFGF: Basic 
fibroblast growth faaor, HSP47: Heat shock protein A7, MMP: Matrix metalloproteinase, TIMP: Tissue 
inhibitor of metalloproteinase]. 

role for chemokines in distinct steps of leukoq^te extravasation has been demonstrated. 
Growth-related oncogene (GRO)/CXCLl and fractalkine/CX3CLl are thought to mediate 
the initial firm adhesion, whereas the chemokine MCP-1 is required for the later steps of 
leukocyte spreading and diapedesis.^^'^ Thus, these studies emphasize the significance of the 
interaction of endothelial cells with leukocytes in ischemia-reperfusion injury. 

Various experimental models of ischemia-reperfiision injury have been reported (Table 1). 
Using a renal ischemia-reperfusion model, it was recently demonstrated that p38 
mitogen-activated protein kinase (MAPK) plays a key role in cell infiltration and tubular ne­
crosis by regulating the expression of IL-1, TNF-a , MCP-1 and RANTES.^^ In addition, 
glucocorticoids reduced ischemia-reperfusion injury in the kidneys by inhibiting the expres­
sion of JE/MCP-1. Osteopontin not only promoted the accumulation of macrophages, but 
also exerted renoprotective effects in renal ischemia-reperfusion injiuy. Osteopontin inhibited 
the induction of inducible nitric oxide synthase and suppressed the synthesis of nitric oxide, 
resulting reduced peroxide levels in the cells, thus promoting the survival of cells exposed to 
hypoxia.^^ It has been demonstrated that the inhibition of neutrophil infiltration into ischemic 
kidneys during reperfusion by neutralizing the effects of chemokines (GRO and MIP-2) 
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Table 1. Chemokines/chemokine receptors as molecular targets in therapy 

Targets 

Chemokines 
1)MCP-1 

2)MIP-1a 

3) RANTES 

4) IL-8 

5)MIP-2 

6)GRO 

7) CINC 

Chemokine 
1)CCR1 

Models 

Ischem ia-reperfusion 
Crescentic glomerulonephritis 

Immune complex 
glomerulonephritis 

Anti-Thy-1 nephritis 

Lupus nephritis 

Unilateral ureteral obstruction 

Diabetic nephropathy 

Crescentic glomerulonephritis 

Transplantation 
Anti-Thy-1 nephritis 

Immune complex 
glomerulonephritis 

Ischem ia-reperfusion 
Crescentic glomerulonephritis 

Ischem ia-reperfusion 

Crescentic glomerulonephritis 

receptor 

Transplantation 

Crescentic glomerulonephritis 
Unilateral ureteral obstruction 

Tools 

7ND 
Neutralizing antibodies 
Gene targeting mice 
Cyclooxygenase inhibitor 
Angiotensin converting 

enzyme inhibitor 
Neutralizing antibodies 
Angiotensin receptor 1 

antagonist 
Prostaglandin El 
Pentoxifylline 
Cyclooxygenase inhibitor 
Gene targeting mice 
Bindarit 
Angiotensin receptor 1 

antagonist 
Angiotensin converting 

enzyme inhibitor 
Y-27632 
Angiotensin converting 

enzyme inhibitor 

Neutralizing antibodies 

Met-RANTES 
AOP-RANTES 

Neutralizing antibodies 

Neutralizing antibodies 
Neutralizing antibodies 

Neutralizing antibodies 

Neutralizing antibodies 

BX471 
FTY720 
Gene targeting mice 
BX471 

Effects 

Prevention 
Prevention 
Prevention 
Worse 
Prevention 

Prevention 
Prevention 

Prevention 
Prevention 
Worse 
Prevention 
Prevention 
Prevention 

Prevention 
Prevention 

Prevention 

Prevention 
Prevention 

Prevention 

Prevention 
Prevention 

Prevention 

Prevention 

Prevention 
Prevention 
Worse 
Prevention 

Refs. 

50 
20, 54-56 
58 
69 
73 

66 
94 

93 
68 
69 
75 
79 
86 

87 
81 

57 

43,48 
67 

19 

40 
60 

40 

57 

49 
50 
59 
88 
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resulted in attenuation of the renal injuries. Importantly, disruption of MCP-1/CCR2 sig­
naling in CCR2 null mice could effectively attenuate renal ischemia reperfusion injury. Ongo­
ing studies, using propagermanium, a selective inhibitor of MCP-1/CCR2 signaling, have 
shown relatively less inflammatory cell infiltration, and tubular necrosis in kidneys in the 
ischemia-reperfiision model (unpublished data). Using a gene therapy approach, expression of 
an amino-terminal deletion mutant of MCP-1 to inhibit MCP-1/CCR2 signaling resulted in 
decreased acute tubular necrosis and less infiltration of macrophages. ^ 

Transplant Nephropathy 
Renal transplantation is one of the most important clinical situations with exposure to 

ischemia-reperfusion injury. Recendy, early nonspecific ischemic injury has been related to 
subsequent immunologic injuries in renal transplant rejection. Rat models of transplantation 
have facilitated a functional study of the role of cytokines/chemokines in acute and chronic 
renal rejection. ' In a rat model of acute renal transplant rejection, the expression of RANTES 
was upregulated, at the mRNA level, by as early as 6 hours, and this upregulation was again 
noted on day 3 to day 6. ^ Increased expression of RANTES in the early hours of engraftment 
may be related to ischemic injury, and could, in part, induce subsequent immunologic re­
sponses. In addition, macrophages and their secreted products play important roles in the 
eventual immune-mediated rejection process. Moreover, increased production of certain 
cytokines (IL-8, -10, -15), chemokines (RANTES, MIP-1, MCP-1) and hepatocyte growth 
factor (HGF) by infiltrating leukocytes, tubular epithelial cells, and endothelium may have a 
determinant role in renal transplant rejection. ' ' 

Recent studies have documented beneficial effects of blocking the bioactivities of certain 
chemokines in renal transplant rejection. For example, Met-RANTES, a chemokine receptor 
antagonist, not only reduced vascular and tubular damage in acute renal transplant rejection, 
but also protected renal allografts from long-term deterioration.^^ In addition, a CCRl-specific 
nonpeptide antagonist, BX471, exhibited efficacy in a rabbit allograft rejection model. FTY720 
is a novel immunomodulator that acts by chemokine-dependent lymphocyte homing into sec­
ondary lymphoid organs leading to profound lymphocyte depletion in the blood. Oral ad­
ministration of FTY720 to cynomolgus monkeys with renal allotransplantation has been shown 
to prevent acute allograft rejection, with resultant rejection-free allograft survival.^^ The ex­
pression of MCP-1 in acute renal transplant rejection correlated with the number of infiltrat­
ing macrophages, and elevated urinary MCP-1 excretion during rejection episodes, which 
diminished after successful treatment. However, the inhibitory impacts of MCP-1/CCR2 on 
allograft rejection need further comprehensive studies. 

Crescentic Glomerulonephritis 
Rapidly progressive crescentic glomerulonephritis is usually associated with clinical fea­

tures of anemia and morphological features of tubulointerstitial nephritis that eventually lead 
to renal insufficiency. To monitor clinical symptoms, and to understand the disease activity of 
crescentic glomerulonephritis, it is essential to determine specific molecule(s) involved in the 
disease process. Increased urinary levels of MIP-1 a have been selectively detected in patients 
with crescentic glomerulonephritis; MIP-1 a was mosdy undetectable in urine samples col­
lected from healthy control subjects and in patients with renal diseases lacking crescent forma­
tion. Urinary MIP-1 a levels in patients with crescentic glomerulonephritis correlated well 
with the percentage of cellular crescents and the number of CD68-positive infiltrating cells. 
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and CCRl- and CCR5-positive cells in the glomeruli.^^ Moreover, elevated urinary levels of 
MlP- la and the number of CCR5-positive cells dramatically decreased during glucocorticoid 
therapy-induced convalescence. MIP-la-positive cells were mainly detected in crescentic le­
sions. CCRl, and CCR5-positive cells, preferentially expressed onThl T cells, were detected 
in diseased glomeruli and interstitium.^^ It is likely that MIP-lOC plays a significant role in 
crescentic glomerulonephritis, by recruiting and activating macrophages and T cells. Measure­
ment of urinary levels of MIP-la appears to be clinically useful as its level correlates with 
disease activity of human crescentic glomerulonephritis. 

Recent studies have documented the beneficial effects of neutralizing antibodies and spe­
cific chemokine/chemokine receptor antagonists in crescentic glomerulonephritis. Anti-MCP-1 
or anti- MIP-la antibodies or MCP-1 deficiency resulted in less glomerular accumulation of 
macrophages, reduced crescent formation, decreased interstitial damage, and most importantly, 
less proteinuria. ̂ '̂̂ '̂̂ ^ In contrast, aggravated renal dysfunaion and increased proteinuria have 
been detected in CCRl-disrupted mice, compared to wild-type mice.^^ 

The beneficial effects of blocking the bioactivities of CXC chemokines have been re­
ported in crescentic glomerulonephritis. Neutralizing antibodies against cytokine-induced neu­
trophil chemoattractant (CINC) ameliorated the cell infiltration, including neutrophils, and 
reduced urinary protein excretion.^^ Similarly, a single dose of anti-MIP-2 antibody resulted in 
reduced neutrophil influx (40% at 4 hoiu-s) and periodic acid-Schiff-containing fibrin deposi­
tion (54% at 24 hours). These results surest the crucial role of MIP-2 in recruiting neutro­
phils during glomerular inflammation. However, the combination of anti-CINC and 
anti-MIP-la antibodies did not show any additional beneficial effects. 

The viral macrophage inflammatory protein-II (vMIP-II) encoded by Kaposi's 
sarcoma-associated herpes virus is unique among all known chemokines in that vMIP-II shows 
a broad-spectrum interaction with both CC and CXC chemokine receptors, including CCR5 and 
CXCR4. vMIP-II patendy inhibited MCP-1-, MlP-la-, RANTES-, and fractalkine-induced chemot-
axis of activated leukocytes isolated from nephritic glomeruli; it also reduced glomerular infil­
tration of leukocytes, and markedly attenuated proteinuria in the rat model of glomerulone­
phritis.^^ 

Recendy, modulation of the p38 MAPK pathway by using specific inhibitors was shown 
to have beneficial effects on the progression of crescentic glomerulonephritis. The MAPK sig­
nal transduction pathway is thought to be involved in the regulation of cell proliferation and 
apoptotic cell deletion in inflammatory diseases. The activation of MAPK isoform p38, de­
tected in mesangial cells, is closely associated with apoptosis, stress responses and acute and/or 
chronic inflammation.^^ Moreover, phosphorylation of p38 MAPK contributes to the activa­
tion of nuclear factor (NF)-KB and activating protein (AP)-l, which are essentially involved in 
inflammatory processes. FRl 67653 is a specific p38 MAPK pathway inhibitor. FRl 67653 
markedly decreased IL-lp-induced phosphorylation of p38 MAPK in cultured rat mesangial 
cells.^^ In vivo administration of FRl 67653 reduced glomerular damage, including crescentic 
formation, proteinuria, and glomerulosclerosis in an experimental model of crescentic glom­
erulonephritis. ' In addition, FRl 67653 markedly decreased renal expression of certain 
cytokines and chemokines. Hence, p38 MAPK might be a potential target for developing 
future therapeutic strategies against crescentic glomerulonephritis. 

Acute/Experimental Nephritis 
The acute phase of glomerulonephritis is morphologically characterized by infiltration of 

inflammatory cells into glomeruli and proliferation of mesangial cells. Renal parenchymal cells 
express chemokine receptors as well as their ligands in such conditions.^ In vitro studies have 
demonstrated that proinflammatory stimuli, such as IL-ip, TNF-a, and IFN-y, immune 
complexes, and certain growth factors, including PDGF and basic fibroblast growth factor 
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(bFGF), are able to induce IL-8, MCP-1, IP-10, MlP- la and RANTES from resident renal 
cells.^ In turn, these stimuli induce the expression of CCRl and CXCR3 on resident renal 
cells, especially mesangial cells. ' These observations are suggestive of a positive feedback 
loop through cytokines/chemokines, which results in renal inflammation. Indeed, the CXC 
chemokines, MIP-2 and keratinocyte-derived cytokine (KG) are able to induce MCP-1 and 
RANTES expression in mesangial cells.^^ Autoinduction of MIP-2 and KC mRNA was also 
detected. This chemokine amplification mechanism is thought to contribute to the mainte­
nance and chronic course of glomerular inflammation. 

Anti-Thyl antibody-induced nephritis is a well-studied rat model of mesangial prolifera­
tive glomerulonephritis, characterized by complement-dependent mesangiolysis, inflamma­
tory reactions, and subsequent glomerulosclerosis. MCP-1 mediated infiltration of monocytes 
is suggested to play an important role in the progression of glomerular lesions in Thy-1 nephri­
tis, and blocking the bioactivity of MCP-1 has been shown to reduce renal injury in this model 
of nephritis.^^ Similarly, a CCR5 chemokine receptor antagonist, AOP-RANTES, ameliorated 
monocyte/macrophage infiltration and improved glomerular pathology in an experimental model 
of nephritis. It was concluded that the use of chemokine receptor antagonists might offer a 
new therapeutic option in treating inflammatory renal diseases. In addition, treatment with a 
clinically available nonselective inhibitor of cyclic 3 ,5-nucleotide phosphodiesterase, 
pentoxifylline, resulted in reduced accumulation and proliferation of glomerular macrophages, 
suppression of activation and proliferation of mesangial cells, and proteinuria; all the 
above-mentioned changes were associated with decreased glomerular expression of MCP-1 
and intercellular adhesion molecule-1 (ICAM-1) in the experimental model of nephritis at 2 
hours and on day 1 of the study. In contrast, the effect of cyclooxygenase (COX) inhibitors 
was evaluated in an anti-thymocyte antibody model and an anti-GBM model of glomerulone­
phritis. These studies have suggested that COX products might serve as endogenous repres­
sors of MCP-1 formation in the studied models of experimental nephritis. COX-1 and COX-2 
products may regulate differendy as selective COX-2 inhibitors exert less influence on chemokine 
expression. 

It has been well documented that angiotensin II regulates the synthesis of certain 
proinflammatory cytokines and chemokines in the kidney. Angiotensin II plays an active role 
in inflammatory responses in renal diseases in concert with chemokine/cytokine expression, 
possibly by activating NF-KB.'^^ Rats with experimental immune complex nephritis, treated 
with the angiotensin converting enzyme (ACE) inhibitor quinapril,'^ exhibited reduced ex­
pression of MCP-1. 

N F - K B stays inactive in the cytoplasm, however upon activation by a wide range of fac­
tors, it translocates into the nucleus and regulates the expression of genes encoding cytokines, 
growth factors, oncogenes, transcription factors, and receptors involved in various pathological 
processes, including immunoinflammatory disorders. Activation of N F - K B leads to transcrip­
tion of such genes as IL-1 and TNF-a, ICAM-1 and vascular cell adhesion molecule-1 
(VCAM-1), MCP-1, m-CSF, inducible nitric oxide synthase (iNOS) and tissue factor. All 
these above-mentioned molecules have been shown to play important roles in the induction 
and propagation of various renal diseases.^ '̂̂ ^ 

Lupus Nephritis 
MCP-1 promotes autoimmune renal disease through the recruitment of macrophages 

and T cells, and the recruitment process is augmented by locally produced cytokines and/or 
chemokines in New Zealand Black x New Zealand White (NZB/W) Fl micê "̂  and MRL-ivw^' 
mice.^^ In addition, modulation of the biological activities of MCP-1 dramatically reduced the 
recruitment of macrophages and T cells that not only reduced pathological alterations in the 
kidney, lung, skin, and lymph node, but also diminished proteinuria, and prolonged survival.^ 
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Mononuclear cell infiltration has been demonstrated in the kidneys of MRL-ivzr '̂̂  mice, by 
weeks 10 to 12. At week 12, the expression of certain chemokines, including CCRl, CCR2, 
and CCR5 was upregulated in the mice kidneys, associated with morphological features of 
renal injuries and proteinuria. These results are in accord with the notion that 
chemokine-mediated leukocyte infiltration precedes proteinuria and renal damage in MRL-F<zr"̂  
mice.'̂ ^ From the perspective of Thl/Th2 balance, CCR4^, but not CCRS"^ T lymphocytes in 
peripheral blood, which represent Th2 cells, preferentially migrate into the kidneys of patients 
with lupus nephritis. It is likely that the disproportionate distribution of CCR4^ T lympho­
cytes might play an important role in the development of subsequent renal injuries that are 
found in patients with lupus nephritis.^^ In addition, markedly enhanced expression of the B 
lymphocyte chemokine (BLC/CXCL13) has been detected in the thymus and kidneys of aged 
(NZB/W) Fl mice developing lupus nephritis. These observations suggest that myeloid den­
dritic cells in the target organs in aged (NZB/W) Fl mice may play a pivotal role in disrupting 
immune tolerance in the thymus and in recruiting autoantibody-producing B cells in the de­
velopment of murine lupus. 

Recent studies have documented the beneficial effects of modulating cytokines/chemokines 
in lupus nephritis. Mice [(NZB/W) Fl] treated with Bindarit (50 mg/kg/day, p.o.), a novel 
molecule devoid of immunosuppressive effects, resulted in a delayed onset of proteinuria and 
reduced impairment of renal function, and prolonged survival.'̂  Similarly, daily oral adminis­
tration of FRl 67653 (a selective inhibitor of p38 MAPK) decreased p38 MAPK phosphoryla­
tion in the kidneys, which resulted in reduced renal accumulation of macrophages and lym­
phocytes and an improvement of overall renal pathology, with prolonged survival; FRl 67653 
treatment also reduced expression of MCP-1 and IgG production in MRL-ivzr '̂̂  mice. 

Diabetic Nephropathy 
In addition to the metabolic and hemodynamic abnormalities, infiltration of inflamma­

tory cells, including macrophages, into diseased kidneys is an important histological feature 
that is associated with the progression of diabetic nephropathy.^^ Angiotensin Il-dependent 
up-regulation of MCP-1 has been demonstrated to play a role in the genesis of glomerular and 
tubulointerstitial damage.̂  ̂  The glomerular recruitment of macrophages in streptozotodn-treated dia­
betic rats is regulated by angiotensin-stimulated MCP-1.^^ Therefore, activation of the 
renin-angiotensin system is an important determinant of the macrophage population in dia­
betic nephropathy, possibly by regulating certain chemokines. It is well accepted that in addi­
tion to their blood-pressurelowering effects, ATI receptor antagonists are renoprotective in 
patients with type 2 diabetes mellitus with microalbuminuria.^^'^ More recendy, combination 
treatment with an angiotensin-II receptor blocker and ACE inhibitor was found to be more 
effective in retarding the progression of nondiabetic renal diseases, in comparison with 
monotherapy. Similarly, Utimura et al reported the renoprotective effect of mycophenolate 
mofetil, which could have derived from its well-known anti-inflammatory properties that in­
clude restriction of lymphocyte and macrophage proliferation and modulation of the expres­
sion of adhesion molecules. These findings are consistent with the notion that inflammatory 
events are central to the pathogenesis of diabetic nephropathy. 

Unilateral Ureteral Obstruction Model 
A imilateral ureteral obstruction model is characterized by the interstitial infiltration of 

inflammatory cells, including macrophages, which gradually leads to the development of 
tubulointerstitial fibrosis, resulting in decreased renal function. Increased interstitial expression of 
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IL-1, TNF-a, MCP-1, TGF-p and type I collagen has been documented in this model.^ 
Recendy, the beneficial effects of Y-27632, a specific Rho-associated coiled-coil forming pro­
tein kinase (ROCK) inhibitor, were studied using the unilateral ureteral obstruction model. 
In vivo studies have shown that Y-27632 treatment resulted in less alpha smooth muscle 
actin-positive cells, reduced numbers and expression of macrophages, MCP-1, TGF-P and OC 
(I) collagen, and resulted in less interstitial fibrotic changes, in the unilateral ureteral obstruc­
tion model. It is therefore likely that the Rho-ROCK system may play an important role in 
fibrogenesis.^'^ Similarly, blocking the chemokine receptor CCRl using the nonpeptide an­
tagonist BX471 resulted in reduced leukocyte infiltration, and subsequent improvement of 
renal fibrosis in unilateral ureteral obstruction.^^ Interestingly, BX471 was shown to be effec­
tive, even when it was used in the late stages of the disease, suggesting that CCRl blockade may 
be useful in reducing early cellular infiltration and may modiJate subsequent renal fibrosis, 
which is a major cause of end-stage renal failure.^^ 

Effectiveness of Anti-Chemokine/Cytokine Therapy and Its Possible 
Therapeutic Implications in Renal Diseases 

Agents that influence cAMP^^ or N F - K B , such as antioxidants, glucocorticoids and aspi­
rin, can modulate the expression of chemokines/cytokines and improve renal pathology. Clini­
cally, during spontaneous or glucocorticoid therapy-induced convalescence in patients with 
inflammatory renal diseases, including acute glomerulonephritis, IgA nephropathy, lupus ne­
phritis and crescentic glomerulonephritis, a reduced expression level of certain chemokines 
(IL-8, MCP-1, MlP-la, fractalkine) and cytokines was detected." '̂̂ ^ In a separate study, Natori 
et al̂ "̂  assessed the pulse methylprednisolone (MP) dose required to exert these beneficial ef­
fects and its effect on the expression of cytokines/chemokines in an experimental model of 
crescentic glomerulonephritis. Numbers of glomerular and interstitial macrophages and T cells, 
as well as crescents, were reduced significandy by 5 mg/kg of MP, but a maximal effect was 
obtained by 30 mg/kg of MP. Urinary protein was reduced significantly in a 30 mg/kg group 
but not in other groups. The expression of chemokines was significantly inhibited by 5 mg/kg 
of MP. These results indicate that MP reduces the number of infiltrating mononuclear cells and 
formation of crescents in the rat model of crescentic nephritis in a dose-dependent fashion, 
despite the strong inhibition of chemokine expression at a lower dose. Therefore, the optimal 
dose of glucocorticoid remains to be determined clinically, although the expression of 
chemokines/chemokine receptors might be suppressed. 

Furthermore, prostaglandin El^^ and an ATI receptor antagonist, hydroxymethylglutaryl 
CoA reductase inhibitor^^ and ACE inhibitor^ ̂  have been shown to inhibit the expression of 
certain chemokines/cytokines and to reduce the infiltration of inflammatory cells in experi­
mental models of renal diseases. 

Concluding Remarks 
In this chapter, we have briefly summarized the current concept of renal inflammation 

that has resulted in a better conceptual understanding of the cellular and molecular basis of 
certain fibrotic renal diseases.^ Based on in vitro and in vivo studies, it is likely that selective 
intervention of cytokines/chemokines, at the appropriate phase of a certain disease, may have 
the therapeutic potential for site- and phase-specific intervention into the progression of in­
flammatory renal diseases^ (Tables 1, 2). Moreover, the development of humanized mono­
clonal antibodies, particular antagonists against cytokines/chemokines, or specific signal trans­
duction pathways that can provide selective intrarenal blockage of bioactivities of involved 
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Table 2. Therapeutic strategy against cytokines/chemokines in renal diseases 

1. Inhibition of gene expression of cytokines/chemokines 
Interferon 
Cyclosporin 
Steroid 
FK506 
Mycophenolate mofetil 
Vitamin D 
Aspirin 
HMG-CoA reductase inhibitors 
Angiotensin converting enzyme inhibitors 
Angiotensin receptor antagonists 
All-trans-retinoic acid 
Cannabinoid receptor agonists 
Bindarit 

2. Neutralization of cytokines/chemokines 
Neutralizing antibodies 

3. Inhibition of interaction between receptors and their ligands 
Analogues (7ND) 
Receptor antagonists 

4. Inhibition of signal transduction 
Kinase inhibitors 

cytokines/chemokines, should have beneficial effects on modulation of renal inflammatory 
responses and subsequent progression of the disease process. It is apparent that various 
immunoinflammatory cytokines, chemokines, and adhesion molecules mediate the cell-cell 
and cell-matrix interactions to initiate and propagate various fibrotic renal diseases. Indeed, 
our understanding of the proinflammatory molecules involved in the pathogenesis of various 
renal diseases has provided new therapeutic choices, and led to the discovery of gene-based 
therapeutic options. 

Acknowledgements 
Figure 1 is adopted with modifications from the book en tided Renal Fibrosis (Contribu­

tion to Nephrology, Volume 139, p66-89), edited by M. S. Razzaque and T. Taguchi. Our 

apology goes to all the authors whose work could not be cited due to space limitation. 

References 
I.Jones DB. Glomerulonephritis. Am J Pathol 1953; 29:33-43. 
2. Wada T, Yokoyama H, Matsushima K et al. Chemokines in renal diseases. Int Immunopharmacol 

2001; 1:637-645. 
3. Wolpe SDy Davatelis G, Sherry B et al. Macrophages secrete a novel heparin-binding protein with 

inflammatory and neutrophil chemotactic properties. J Exp Med 1988;167:570-580. 
4. van Rooijen N, Sanders A. Elimination, blocking, and activation of macrophages: Three of a kind? 

J Leukoc Biol 1997; 62:702-709. 
5. Wang JM, Griffin JD, Rambaldi A et al. Induction of monocyte migration by recombinant mac­

rophage colony stimulating factor. J Immunol 1988; 141:575-579. 
6. Lan HY, Nikolic-Paterson DJ, Mu W et al. Local macrophage proliferation in the progression of 

glomerular and tubulointerstitial injury in rat anti-GBM glomerulonephritis. Kidney Int 1995; 
48:753-760. 



Pathological Significance of Renal Expression of Proinflammatory Molecules 23 

7. Matsuda M, Shikata K, Makino H et al. Glomerular expression of macrophage colony-stimulating 

factor and granulocyte-macrophage colony-stimulating factor in patients with various forms of glom­

erulonephritis. Lab Invest 1996; 75:403-412. 

8. Razzaque MS, Foster CS, Ahmed AR. Role of enhanced expression of m-CSF in conjunctiva af­

fected by cicatricial pemphigoid. Invest Ophthalmol Vis Sci 2002; 43:2977-2983. 

9. Lan HY, Yang N , Nikolic-Paterson DJ et al. Expression of macrophage migration inhibitory factor 

in human glomerulonephritis. Kidney Int 2000; 57:499-509. 

10. Yang N , Nikolic-Paterson DJ, Ng YY et al. Reversal of established rat crescentic glomerulonephri­

tis by blockade of mac roph^e migration inhibitory factor (MIF): Potential role of MIF in regulat­

ing glucocorticoid production. Mol Med 1998; 4:413-24. 

11. Wada T , Schwarting A, Chesnutt MS et al. Nephritogenic cytokines and disease in MRL-Fas P' 

kidneys are dependent on multiple T cell subsets. Kidney Int 2001; 59:565-578. 

12. Ohashi R, Shimizu A, Masuda Y et al. Peritubular capillary regression during the progression of 

experimental obstructive nephropathy. J Am Soc Nephrol 2002; 13:1795-805. 

13. Imasawa T, Utsunomiya Y, Kawamura T et al. The potential of bone marrow-derived cells to 

differentiate to glomerular mesangial cells. J Am Soc Nephrol 2001; 12:1401-1409. 

14. Ito T, Suzuki A, Imai E et al. Bone marrow is a reservoir of repopulating mesangial cells during 

glomerular remodeling. J Am Soc Nephrol 2001; 12:2625-2635. 

15. Zlotnik A, Yoshie O. Chemokines: A new classification system and their role in immunity. Immu­

nity 2000; 12:121-127. 

16. Murphy PM, Baggiolini M, Charo IF et al. International union of pharmacology. XXII. Nomen­

clature for chemokine receptors. Pharmacol Rev 2000; 52:145-176. 

17. Romagnani P, Lazzeri E, Lasagni L et al. IP-10 and Mig production by glomerular cells in human 

proliferative glomerulonephritis and regulation by nitric oxide. J Am Soc Nephrol 2002; 13:53-64. 

18. Banas B, Wornle M, Berger T et al. Roles of SLC/CCL21 and CCR7 in human kidney for mesangial 

proliferation, migration, apoptosis, and tissue homeostasis. J Immunol 2002; 168:4301-4307. 

19. Wada T , Tomosugi N , Nai to T et al. Prevention of proteinuria by the administration of 

anti-interleukin 8 antibody in experimental acute immune complex-induced glomerulonephritis. J 

Exp Med 1994; 180:1135-1140. 

20. Wada T, Yokoyama H, Furuichi K et al. Intervention of crescentic glomerulonephritis by antibod­

ies to monocyte chemotactic and activating factor (MCAF/MCP-1). FASEB J 1996; 10:1418-1425. 

21 . Garin EH, Blanchard DK, Matsushima K et al. IL-8 production by peripheral blood mononuclear 

cells in nephrotic patients. Kidney Int 1994; 45:1311-1317. 

22. Huber TB, Reinhardt H C , Exner M et al. Expression of functional CCR and CXCR chemokine 

receptors in podocytes. J Immunol 2002; 168:6244-6252. 

23. Furuichi K, Wada T, Sakai N et al. Distinct expression of C C R l and CCR5 in glomerular and 

interstitial lesions of human glomerular diseases. Am J Nephrol 2000; 20:291-299. 

24. Moore KJ, Wada T, Barbee SD et al. Gene transfer of RANTES elicits autoimmune renal injury 

in MRL-Fas(lpr) mice. Kidney Int 1998; 53:1631-1641. 

25. Parving H H , Osterby R, Anderson P W et al. Biology of renal cells in culture in The Kidney 6th 

edition. In: Brenner BM, ed. W.B.Saunders Company, 2000:93-191. 

26. Holdsworth SR, Kitching AR, Tipping PG. T h l and Th2 T helper cell subsets affect patterns of 

injury and outcomes in glomerulonephritis. Kidney Int 1999; 55:1198-1216. 

27. Thornhill M H , Kyan-Aung U, Haskard D O . IL-4 increases human endothelial cell adhesiveness 

for T cells but not for neutrophils. J Immunol 1990; 144:3060-3065. 

28. Kaplanski G, Marin V, Montero-JuUan F et al. IL-6: A regulator of the transition from neutrophil 

to monocyte recruitment during inflammation. Trends Immunol 2003; 24:25-29. 

29. Brady HR, McGinty A, Adler S. Cell-cell and cell-matrix interactions in The Kidney 6th edition. 

In: Brenner BM, ed. W.B. Saunders Company, 2000:192-214. 

30. Luo Y, Lloyd C, Gutierrez-Ramos JC et al. Chemokine amplification in mesangial cells. J Immunol 

1999; 163:3985-3992. 

31 . Schneider A, Panzer U, Zahner G et al. Monocyte chemoattractant protein-1 mediates collagen 

deposition in experimental glomerulonephritis by transforming growth factor-beta. Kidney Int 1999; 

56:135-144. 



24 Fibrogenesis: Cellular and Molecular Basis 

32. Wada T, Furuichi K, Sakai N et al. Up-regulation of monocyte chemoattractant protein-1 in 
tubulointerstitial lesions of human diabetic nephropathy. Kidney Int 2000; 58:1492-1498. 

33. Mezzano SA, Droguctt MA, Burgos ME et al. Overexertion of chemokines, fibrogenic cytokines, 
and myofibroblasts in human membranous nephropathy. Kidney Int 2000; 57:147-158. 

34. Wolf G, Jocks T, Zahner G et al. Existence of a regulatory loop between MCP-1 and TGF-beta in 
glomerular immune injury. Am J Physiol Renal Physiol 2002; 283:F1075-1084. 

35. Luu NT, Rainger GE, Nash GB. Differential ability of exogenous chemotactic agents to disrupt 
transendothelial migration of flowing neutrophils. J Immunol 2000; 164:5961-5969. 

36. Zernecke A, Weber KS, Erwing LP et al. Combinational model of chemokine involvement in 
glomerular monocyte recruitment: Role of CXC chemokine receptor 2 in infiltration dyring neph­
rotoxic nephritis. J Immunol 2001; 166:5755-5762. 

37. Furuichi K, Wada T, Iwata Y et al. Administration of FRl67653, a new anti-inflammatory com­
pound, prevents renal ischemia-reperfusion injury in mice. Nephrol Dial Transplant 2002; 
17:399-407. 

38. Poom M, Megyesi J, Green RS et al. In vivo and in vitro inhibition of JE gene expression by 
glucocorticoids. J Biol Chem 1991; 266:22375-22379. 

39. Xie Y, Sakatusume M, Nishi S et al. Expression, role, receptors, and regulation of osteopontin in 
the kidney. Kidney Int 2001; 60:1645-1657. 

40. Miura M, Fu X, Zhang QW et al. Neutralization of GRO alpha and macrophage inflammatory 
protein-2 attenuates renal ischemia/reperfiision injury. Am J Pathol 2001; 159:2137-2145. 

41. Furuichi K, Wada T, Iwata Y et al. Gene therapy expressing amino-terminal truncated monocyte 
chemoattractant protein-1 prevents renal ischemia-reperfusion injury. J Am Soc Nephrol 2003; 
14:1066-1071. 

42. Pascual M, Theruvath T, Kawai T et al. Strategies to improve long-term outcomes afiier renal 
transplantation. N Engl J Med 2002; 346:580-590. 

43. Grone HJ, Weber C, Weber KS et al. Met-RANTES reduces vascular and tubular damage during 
acute renal transplant rejection: Blocking monocyte arrest and recruitment. FASEB J 1999; 
13:1371-1383. 

44. Strehlau J, Pavlakis M, Lipman M et al. Quantitative detection of immune activation transcripts as 
a di^nostic tool in kidney transplantation. Proc Natl Acad Sci USA 1997; 94:695-700. 

45. Nagano H, Nadeau KG, Takada M et al. Sequential cellular and molecular kinetics in acutely 
rejecting renal allografts in rats. Transplantation 1997; 63:1101-1108. 

46. Robertson H, Wheeler J, Morley AR et al. Beta-chemokine expression and distribution in 
paraffin-embedded transplant renal biopsy sections: Analysis by scanning laser confocal microscopy. 
Histochem Cell Biol 1998; 110:207-213. 

^7. Azuma H, Takahara S, Matsumoto K et al. Hepatocyte growth factor prevents the development of 
chronic allograft nephropathy in rats. J Am Soc Nephrol 2001; 12:1280-1292. 

48. Song E, Zou H, Yao Y et al. Early application of Met-RANTES ameliorates chronic allograft: 
nephropathy. Kidney Int 2002; 61:676-685. 

49. Horuk R, Shurey S, Ng HP et al. CCRl-specific nonpeptide antagonist: Efficacy in a rabbit al­
lograft rejection model. Immunol Lett 2001; 76:193-201. 

50. Schuurman HJ, Menninger K, Audet M et al. Oral efficacy of the new immunomodulator FTY720 
in cynomolgus monkey kidney allotransplantation, given alone or in combination with cyclosporine 
or RAD. Transplantation 2002; 74:951-960. 

51. Grandaliano G, Gesualdo L, Ranieri E et al. Monocyte chemotactic peptide-1 expression and mono­
cyte infiltration in acute renal transplant rejection. Transplantation 1997; 63:414-420. 

52. Wada T, Furuichi K, Segawa C et al. MlP-la and MCP-1 contribute crescents and interstitial 
lesions in human crescentic glomerulonephritis. Kidney Int 1999; 56:995-1003. 

53. Sallusto F, Lanzavecchia A, Mackay CR. Chemokines and chemokine receptors in T-cell priming 
and Thl/Th2-mediated responses. Immunol Today 1998; 19:568-574. 

54. Lloyd CM, Minto AW, Dorf ME et al. RANTES and monocyte chemoattractant protein-1 (MCP-1) 
play an important role in the inflammatory phase of crescentic nephritis, but only MCP-1 is in­
volved in crescent formation and interstitial fibrosis. J Exp Med 1997; 185:1371-1380. 



Pathological Significance of Renal Expression of Proinflammatory Molecules 25 

55. Fujinaka H, Yamamoto T, Takeya M et al. Suppression of anti-glomerular basement membrane 

nephritis by administration of anti-monocyte chemoattractant protein-1 antibody in WKY rats. J 

Am Soc Nephrol 1997; 8:1174-1178. 

56. Tang W W , Qi M, Warren JS. Monocyte chemoattractant protein 1 mediates glomerular macroph­

age infiltration in anti-GBM Ab G N . Kidney Int 1996; 50:665-671. 

57. W u X, Dolecki GJ, Sherry B et al. Chemokines are expressed in a myeloid cell-dependent fashion 

and mediate distinct functions in immune complex glomerulonephritis in rat. J Immunol 1997; 

158:3917-3924. 

58. Tesch G H , Schwarting A, Kinoshita K et al. Monocyte chemoattractant protein-1 promotes 

macrophage-mediated tubular injury, but not glomerular injury, in nephrotoxic serum nephritis. J 

Clin Invest 1999; 103:73-80. 

59. Topham PS, Csizmadia V, Soler D et al. Lack of chemokine receptor C C R l enhances T h l re­

sponses and glomerular injury during nephrotoxic nephritis. J CHn Invest 1999; 104:1549-1557. 

60. Feng L, Xia Y, Yoshimura T et al. Modulation of neutrophil influx in glomerulonephritis in the rat 

with anti-macrophage inflammatory protein-2 (MIP-2) antibody. J Clin Invest 1995; 95:1009-1017. 

6 1 . Chen S, Bacon KB, Li L et al. In vivo inhibition of C C and CX3C chemokine-induced leukocyte 

infiltration and attenuation of glomerulonephritis in Wistar-Kyoto (WKY) rats by vMIP-II. J Exp 

Med 1998; 188:193-198. 

62. Herlaar E, Brown Z. p38 MAPK signaling cascades in inflammatory disease. Mol Med Today 

1999; 5:439-447. 

63. Wada T, Furuichi K, Sakai N et al. Involvement of p38 mitogen-activated protein kinase followed 

by chemokine expression in crescentic glomerulonephritis. Am J Kidney Dis 2001; 38:1169-1177. 

64. Wada T, Furuichi K, Sakai N et al. A new anti-inflammatory compound, FRl67653 , ameliorates 

crescentic glomerulonephritis in Wistar-Kyoto rats. J Am Soc Nephrol 2000; 11:1534-1541. 

65. Banas B, Luckow B, Moller M et al. Chemokine and chemokine receptor expression in a novel 

human mesangial cell Hne. J Am Soc Nephrol 1999; 10:2314-2322. 

6G. Wenzel U, Schneider A, Valente AJ et al. Monocyte chemoattractant protein-1 mediates mono­

cyte/macrophage influx in anti-thymocyte antibody-induced glomerulonephritis. Kidney Int 1997; 

51:770-776. 

67. Panzer U, Schneider A, Wilken J et al. The chemokine receptor antagonist AOP-RANTES reduces 

monocyte infiltration in experimental glomerulonephritis. Kidney Int 1999; 56:2107-2115. 

68. Chen YM, Chien C T , Hu-Tsai MI et al. Pentoxifylline attenuates experimental mesangial prolif­

erative glomerulonephritis. Kidney Int 1999; 56:932-943. 

69. Schneider A, Harendza S, Zahner G et al. Cyclooxygenase metabolites mediate glomerular mono­

cyte chemoattractant protein-1 formation and monocyte recruitment in experimental glomerulone­

phritis. Kidney Int 1999; 55:430-441. 

70. Baldwin Jr S. The NF-kappa B and I kappa B proteins: New discoveries and insights. Annu Rev 

Immunol 1996; 14:649-83. 

7 1 . Ruiz-Ortega M, Bustos C, Hernandez-Presa MA et al. Angiotensin II participates in mononuclear 

cell recruitment in experimental immune complex nephritis through nuclear factor-kappa B activa­

tion and monocyte chemoattractant protein-1 synthesis. J Immunol 1998; 161:430-439. 

72. Inan MS, Razzaque MS, Taguchi T. Pathological significance of renal expression of N F K B . Contrib 

Nephrol 2003; 139:90-101. 

73 . Guijarro C, Egido J. Transcription factor-kappa B (NF-kappa B) and renal disease. Kidney Int 

2001; 59:415-24. 

74. Zoja C, Liu XH, Donadelli R et al. Renal expression of monocyte chemoattractant protein-1 in 

lupus autoimmune mice. J Am Soc Nephrol 1997; 8:720-729. 

75. Tesch G H , Maifert S, Schwarting A et al. Monocyte chemoattractant protein 1-dependent leuko­

cytic infiltrates are responsible for autoimmune disease in MRL-Fas*P^ mice. J Exp Med 1999; 

190:1813-1824. 

76. Perez de Lema G, Maier H, Nieto E. Chemokine expression precedes inflammatory cell infiltration 

and chemokine receptor and cytokine expression during the initiation of murine lupus nephritis. J 

Am Soc Nephrol 2001; 12:1369-1382. 

77. Yamada M, Yagita H , Inoue H et al. Selective accumulation of CCR4+ T lymphocytes into renal 

tissue of patients with lupus nephritis. Arthritis Rheum 2002; 46:735-740. 



26 Fibrogenesis: Cellular and Molecular Basis 

78. Ishikawa S, Sato T, Abe M et al. Aberrant high expression of B lymphocyte chemokine (BLC/ 
CXCL13) by Cllb+CDllc+ dendritic cells in murine lupus and preferential chemotaxis of Bl 
cells towards BLC. J Exp Med 2001; 193:1393-1402. 

79. Zoja C, Corna D, Benedetti G et al. Bindarit retards renal disease and prolongs survival in murine 
lupus autoimmune disease. Kidney Int 1998; 53:726-734. 

80. Iwata Y, Wada T, Furuichi K et al. p38 mitogen - activated protein kinase contributes to autoim­
mune renal injury in MRL-Faŝ ^ mice. J Am Soc Nephrol 2003; 14:57-67. 

81. Kato S, Luyckx VA, Ots M et al. Renin-angiotensin blockade lowers MCP-1 expression in diabetic 
rats. Kidney Int 1999; 56:1037-1048. 

82. Parving HH, Lehnert H, Brochner-Mortensen J et al. The effect of irbesartan on the development 
of diabetic nephropathy in patients with type 2 diabetes. N Engl J Med 2001; 345:870-878. 

83. Brenner BM, Cooper ME, de Zeeuw D et al. Effects of losartan on renal and cardiovascular out­
comes in patients with type 2 diabetes and nephropathy. N Engl J Med 2001; 345:861-869. 

84. Nakao N, Yoshimura A, Morita H et al. Combination treatment of angiotensin-!! receptor blocker 
and angiotensin-converting-enzyme inhibitor in nondiabetic renal disease (COOPERATE): A 
randomised controlled trial. Î ancet 2003; 361:117-124. 
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