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Introduction
The multi-step process of leukocyte migration from the periph-
ery into tissues is a hallmark of inflammation. Central events in
this process are mediated by members of the large chemokine
family. Chemokines are a family of rather small, chemotactic
cytokines that were initially subdivided into two main branches,
according to the position of conserved cysteines [1,2]. Most of
the known chemokines belong to the CXC and CC subfamilies,
and two additional branches each containing only one member
(C and CX3C chemokines) were introduced more recently.
These proteins mediate their specific effects through seven
transmembrane domain G protein-coupled receptors [3]. So far,
six receptors for CXC chemokines (CXCR1 to 6), eleven recep-
tors for CC chemokines (CCR1 to 11), one CX3C chemokine
receptor (CX3CR1), and one C chemokine receptor (XCR1)
have been identified [4]. Most receptors recognize more than
one chemokine, and several chemokines bind to more than one
receptor, indicating redundancy of the chemokine system. In
addition to their role in mediating leukocyte migration, a number
of chemokine receptors were found to be required by HIV as
coreceptors for cell entry [5].

The Role of Chemokines in the Course of Renal
Inflammation
The expression of chemokines by renal cells and their contribu-
tion to kidney inflammation has been well documented during
the last decade [6,7]. Renal infiltration of target cells such as
monocytes/macrophages and T lymphocytes is a critical event in
kidney inflammation, and this complex and dynamic process 
is largely controlled by chemokines. So far, therapeutic strategies
for the treatment of renal diseases have been limited to steroids
blocking inflammatory gene expression or immune suppressants
and cytostatic drugs for general ablation of proliferative immune
responses. Newly developed receptor-antagonizing compounds
have only been tested in experimental models of nephritis [6,7].
In general these studies have led to the expected result, i.e.
immune mediated kidney injury was diminished. However, both
the extend of anti-inflammatory potency of single chemokine
blockade and some conflicting data showing even pro-inflamma-
tory effects of chemokine antagonists raised doubt concerning
the clinical applicability of this anti-inflammatory strategy. Also
with the number of chemokines differentially expressed in the
healthy as well as injured kidney still increasing, the inter play of
housekeeping migratory and regulatory roles of chemokines,
such as IP-10 or MCP-1, requires new inter pretation.
Not in line with the simple picture of chemokines being respon-
sible solely for recruiting immune cells to the injured renal tissue
are findings that a) MCP-1 antibodies not only reduced cellular
infiltration but also collagen expression and renal fibrosis [19]
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b) mesangial cells express CXCR3 and showed a proliferative
response to IP-10 [20], c) mesangial cells expressed both CCR2
and MCP-1 under high glucose conditions and with TNF present
[U. Janssen et al., manuscript in preparation] leading to an
autocrine cycle of activation; d) mouse mesangial cells showed
autoinduction of chemokines through specific receptors [23] 
e) stimulated mesangial cells express CCR1 and at the same the
respective ligand RANTES, which in turn caused a chemotactic
response of MC [22]. Even more surprising from the immunolo-
gists view is the most recent finding that CCR7 is expressed in
the mesangial area in biopsies of human nephritis patients, and
its ligand SLC just across the GBM in podocytes [HJ Grone,
pers. comm.]. So far, both CCR7 and SLC have been strictly
associated with draining lymphatic capillaries and lymphnode
homing of activated dendritic cells and T cells [21].
Thus, two reasons may account for the relative lack of success of
anti-chemokine approaches: 1) There is still a gap of knowledge
of the sequential role of different chemokines in the course of
different chronic renal diseases that needs to be filled especially
with respect to effect of chemokines on local cells and to human
nephritis; 2) In experimental intervention studies there is still
room for an optimisation of pharmacological approach in terms
of the application of chemokine antagonists and the effective-
ness of reaching the selected target tissue.
In human nephritis urinary chemokine measurement revealed a
tight correlation between urinary MCP-1/IL-8 concentrations
and disease activity of proliferative forms of nephritis including
Lupus GN or IgA nephropathy and rejection status of renal
transplants [6,7], although standardization of urinary chemokine
sampling might need further improvement (M. Daha, pers.
comm.). An accompanying avenue of better defining the role of
several CCs is opened by the ERCB initiative (presented at last
years meeting of this Society by M. Kretzler [8], which uses quan-
titative PCR of renal biopsies of nephritis patients. Nevertheless,
in the near future urinary CC analysis may yield easier prognos-
tic marker as well as a rationale for therapeutic intervention stud-
ies with safe anti-chemokine compounds. Highlighting the
general interest in an anti-inflammatory therapy using
chemokine blocking agents it is notable that at the US patent
office server (http://164.195.100.11/netahtml/search-adv.htm)
more than 450 patents related to chemokine action and �150
dealing with chemokine antagonists have been filed. From the
latter the most interesting substances are small antagonistic mol-
ecules (non-peptide compounds), e.g. piperazine (Schering AG)
or anilide (Takeda Ltd) derivatives (both antagonizing CCR5 lig-
ands), which soon might enter clinical trials as anti-inflamma-
tory drugs for oral administration. Other companies currently
focussing significant resources on high-throughput screening for
chemokine antagonists include Smithkline Beecham, Serono
and Merck.

Immune Pharmacological Strategies to Interfere with
Chemokine Action
Nevertheless, given the abundant possibilities of local
chemokine action and the number of different cells involved in
an inflammatory situation, it remains necessary to unravel the
chemokine story more thoroughly. Our own strategy during
recent years sought to define the role of local renal cells in
directing a defined set of immune cells into the kidney by their
specific pattern of secreted chemokines [12]. Subsequently in a
Th-1 dependent model of immune nephritis in SCID mice we
demonstrated that the sequence of invading inflammatory cells

may be initiated by antigen-specific T helper lymphocytes
encountering “their” antigen in the kidney, which subsequently
directs monocytes and possibly dendritic cells towards the
injured renal tissue (manuscript in review process). In accor-
dance with these data several investigations in human and exper-
imental GN showed that both the expression of Th-1 related
chemokine receptors, CCR1, CCR2 and CCR5, in the glomeru-
lar and mainly interstitial areas as well as the urinary secretion of
MCP-1 is closely associated to disease activity and phases of
progression [6,9].
On the basis of these findings we have set up our anti-chemokine
strategy to primarily target ligands of CCRs expressed by pro-
inflammatory type-1 lymphocyte and dendritic cells. Using an
eucaryotic Pichia pastoris expression system, which was proven
to be effective for the expression of glycosylated cystein-rich
chemokines before (17,18), we are producing N-terminally
deleted mutant MCP-1 (mMCP-19–76) and human herpesvirus-8
(HHV8) -derived viral MIP-II proteins readily secreted into the
Pichia supernatant after methanol induction. For our research
strategy the advantage of generating protein antagonists of
MCP-1 compared to seemingly more easy application of small
non-peptide compounds is that we have the option to sequentially
mutate the bioactivity, glycosylation or the heparan sulphate
binding site while preserving the specific binding site for 
CCR-2 [26,17,18] (Figure 1). By using the viral broad-spectrum
chemokine receptor antagonist, vMIP-II, we make use of the
evolutionary strategy of this virus to evade specific, most likely
type1 CD4 and CD8 guided, immune defense. As shown for
other viruses this “strategy” includes chemokine agonists (for
the suppressor cells?), antagonists and chemokine binding pro-
teins or decoy receptors [11].
Uncoupling chemokine receptors represents another strategy of
blocking chemokine action. The C-terminal domains of inflam-
matory chemokine receptors such as CXCR2 or CCR5 have
been shown to contain signaling determinants, which typically
map to the juxtamembranous part of this domain. It has also
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Fig. 1. Molecular targets to antagonize chemokine expression
and activity. 1. “Antigene approach”, i.e. nuclear targeting of
triple helix-forming oligonucleotides to block CCL or CCR
expression. 2. Receptor antagonists: a) mutation of bioactivity
but preserving the binding site of natural ligands, b) mutation of
heparan sulfate binding site to dilute tissue haptotactic gradient;
c) Small, non-peptide, chemical compounds to block CCRs (see
text). 3. a) Induction or transfer of decoy receptors; b) Down-
regulation or uncoupling of specific CCRs; c) Blocking or inter-
fering with cytosolic, chemokine specific signalling pathways.



been demonstrated that NFkB activation by a viral chemokine
receptor homolog encoded by HHV8 was completely blocked
when the final five amino acids in its C terminus were deleted
[24]. Thus, the therapeutic blockade of signaling determinants at
the cytoplasmic domains of chemokine receptors might be a
strategy to uncouple their activities.
Moreover, inflammatory chemokine receptors have been shown to
be uncoupled by anti-inflammatory cytokines, generating func-
tional decoys [25]. This study showed that, in an inflammatory
environment, IL-10 blocked the down-regulation of CCR1, CCR2,
and CCR5, while uncoupling their signaling activities. Thus
uncoupled receptors remain being expressed on the cell surface
where they trap their pro-inflammatory ligands and thereby serve
as molecular sinks and scavengers for inflammatory chemokines,
removing them from the site of inflammation. Therefore, the
induction of functional decoys might serve as a tool for interfering
with excessive leukocyte recruitment and activation.
In addition, as depicted in Fig. 1, targeting the expression of
inflammatory chemokines or their receptors on gene level is
expected to be a valid strategy. The use of DNA or RNA oligo-
nucleotides forming a triple helix with specific purine-rich
duplex DNA strands has been improved considerably in recent
years [13–16]. With our recent “proof of principle” study (13)
we not only could demonstrate specific triplex formation with
the targeted SP1 site of the MCP-1 promoter in gel shift assays
vitro, but moreover achieved attenuation of RNA and secreted
MCP-1 protein expression by 45%. This effect was fairly specific,
because a similar SP-1 target site within the interleukin-6 pro-
motor did not bind the TFO, and a closely related chemokine,
IL-8, was not affected by the MCP-1 specific TFO [13]. Given
the rather crude technique we used for applying the TFO further
improvements of cellular delivery and nuclear targeting may
increase the potential of these gene therapeutic anti-inflamma-
tory approach considerably [15–16].

Perspectives
Given the far reading beneficial potential of regulating the
inflammatory cell traffic in renal disease, anti-chemokine ther-
apy might be worth considering in nephritis. Commercial inter-
ests will most likely accelerate the introduction of such
compounds. However, with this contribution we also like to
emphasize that there is still a gap of knowledge to be closed,
which should be attempted in cooperation of basic and clinical
sciences for the benefit of nephritis patients.
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