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Background Fractalkine is a chemotactic cytokine known to regulate macrophage and T cell
accumulation at sites of inflammation. In rat crescentic glomerulonephritis, fractalkine
expression is induced exclusively in glomerular endothelium, and plays a pivotal role in
glomerular leukocyte infiltration. It is not known, however, whether other glomerular cells can
produce fractatkine during different types of glomerular injury. To study this, we examined
fractalkine expression in a rat model of glomerulonephritis characterized by intense mesangial
cell profiferation, the anti-Thy1 nephritis, and explored cytokine regulation of its expression by
cultured mesangial cells.

Methods Male Wistar rats with anti-Thy1 antibody-induced nephritis were killed at various

time points to study glomerular fractalkine expression by Northern blotting, in sifu
hybridization, and immunohistochemistry. Fractalkine expression by cultured mesangial cells
was also examined with Northern and Western blotting under both cytokine- and growth
factor-stimulated conditions.

Results Northern blotting showed that glomerular fractalkine mRNA was up-regulated

following induction of anti-Thy1 nephritis. In situ hybridization revealed that fractalkine
mRNA signals were induced, mainly in the non-mesangial areas of the glomeruli, at 2 h and
day 1 of nephritis. Cells expressing fractalkine mRNA at this stage were presumably
glomerular endothelial cells and a few glomerular epithelial cells. In contrast, glomerular
fractalkine mRNA and protein were expressed mainly by activated mesangial cells in the
proliferative phase of nephritis. There was a temporal association between glomerular
fractalkine mRNA levels and accumulation of leukocytes, in particular macrophages, in the
glomerulus.

Conclusions This study demonstrates that glomerular mesangial cells produce fractalkine both

in vitro and in vivo. It is postulated that fractalkine produced by mesangial cells works in
concert with other chemoattractants, and plays a role in the glomerular recruitment of
monocytes and T cells in acute mesangial proliferative disease.
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Northern blotting showed that glomerular fractalkine mRNA was up-regulated following
induction of anti-Thy1 nephritis. /n situ hybridization revealed that fractalkine mRNA signals
were induced, mainly in the non-mesangial areas of the glomeruli, at 2 h and day 1 of nephritis.
Cells expressing fractalkine mRNA at this stage were presumably glomerular endothelial cells
and a few glomerular epithelial cells. In contrast, glomerular fractalkine mRNA and protein
were expressed mainly by activated mesangial cells in the proliferative phase of nephritis. There
was a temporal association between glomerular fractalkine mRNA levels and accumulation of
leukocytes, in particular macrophages, in the glomerulus.
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The main findings of the present study are that MCs can synthesize fractalkine both in vivo
and in vitro. Evidence in support of in vive fractalkine expression by MCs was based on
immunohistochemical double-staining, and combined in situ hybridization and
immunohistochemistry which demonstrated glomerular fractalkine protein and mRNA
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expression by a-SMA -positive cells in the proliferative phase (days 3 to 5) of nephritis. In
contrast, glomerular fractalkine mRNA in the mesangiolytic phase (2 h to day 1) of nephritis
appeared to be expressed by other glomerular cells, in particular endothelial and some epithelial
cells. Cultured endothelial cells can produce fractalkine in response to proinflammatory

cytokines, such as TNF-a and 1L-18 [1]. The present in situ hybridization findings revealed
the presence of fractalkine mRNA distributing along glomerular capillary loops at 2 h and day |

of nephritis, during which time glomerular TNF-a and 1L- 1 mRNAs were markedly elicited.



This finding is consistent with a recent study which demonstrated fractalkine protein expression
by glomerular endothelium in a rat model of crescentic glomerulonephritis [2]. Thus, the
sustained up-regulated glomerular fractalkine mRNA throughout the course of the nephritis is
probably due to sequential expression by different intrinsic glomerular cells, with MCs
prevailing in the proliferative phase. The present study, however, does not completely exclude
the possibility that MCs express fractalkine mRNA in the early mesangiolytic phase of
nephritis. Immune complexes have been shown to stimulate the expression of certain CC
chemokines such as MCP-1 and RANTES by cultured MCs [3, 4]. Whether or not the in situ
immune complex formation between the injected anti-Thy1 antibody and an antigen expressed
on MCs might also induce fractalkine production by MCs in the early phase awaits further
studies.

Infiltrating monocytes/macrophages and T cells are major sources of a number of CC and
CXC chemokines [5]. However, they are probably not the source of fractalkine in the anti-
Thy1 model for several reasons. First, the present study did not detect the presence of ED-1- or
CD-8-positive cells expressing fractalkine mRNA in the nephritic tissues by combined in situ
hybridization and immunohistochemistry. Second, no fractalkine mRNA could be detected in a
macrophage cell line (J774.A1) or PBMCs isolated from nephritic rats by RT-PCR or Northern
blotting. Finally, also by using RT-PCR, a previous study has shown that little or no
fractalkine mRNA can be detected in peripheral blood cells, including monocytes, T cells, and
NK cells [1].

This study has also shown that glomerular fractalkine mRNA levels correlate with
accumulation of leukocytes, in particular macrophages, in the anti-Thy1 model. Compared to
the CC or CXC chemokines, fractalkine is a larger molecular mass that can bind to extracellular
matrix via its mucin-like domain [6]. This would lead to fractalkine sequestration and prolong
its duration of action within the glomerular mesangium. Therefore, glomerular fractalkine
expression may have a role in mediating not only migration but accumulation of circulating
leukocytes within the glomerulus. While functional blocking studies against either fractalkine or
its receptor are still needed in the anti-Thy1 model, a recent study has shown that administration
of anti-fractalkine receptor antibody to rats with experimental crescentic glomerulonephritis
dramatically attenuate glomerular macrophage and T cell infiltration, prevent crescent
formation, and improve renal function [2].
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