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demonstrated for both immortalized and primary human MC.
Two different methods, RT-PCR and RNase protection assay,
revealed identical results that further confirm this novel and
unexpected finding.

Selective Chemotactic Response of Stimulated Human
MC to Human RANTES and Eotaxin

To examine the functionality of the chemokine receptor in
human MC, chemotaxis assays were performed. After induc-
tion of CCRL1 by stimulating the cells with the combination of
TNF-q, IL-18, and IFN+y, the migratory activity of human MC
was analyzed in a sensitive transwell migration assay. Un-
stimulated cells served as control. The chemotactic response to
different concentrations of the CCR1-ligand RANTES was
assessed. Only human MC stimulated with TMAL-18, and
IFN-y and expressing CCR1 migrated through the pl@-
pores of the filter membranes toward a RANTES gradient. The
migration indices ranged from 1.5 to 2.2, with maximum
response at 100 ng/ml RANTES (Figure 5). Unstimulated cells
showed no enhanced migratory activity upon RANTES stim-
ulation. Eotaxin, a ligand only for CCR3, failed to attract
unstimulated or stimulated human MC (Figure 5).

Discussion
. ) ) ~ There is increasing support for the hypothesis that during
Figure 2. RNase protection assays for the detection of chemokingqammatory glomerular processes, the production of chemo-
MRNA expression by human MC stimulated with I|g:lipopolysac- tactic mediators by both infiltrating and resident cells, and

charide (LPS), or a combination of tumor necrosis factqiFNF-«), iallv MC. pl . tant role in th lati fth
IL-18, and interferony (IFN-y). RNA prepared from human MC especially » plays an important role in the regulation ot the

stimulated with IL-B, LPS, or a combination of TNE; IL-18, and leukocyte influx (5). To investigate the expression and regu-

IFN-y (comb) for 4 to 48 h was analyzed by multi-probe RNasktion of chemokines and their receptors by human MC, a
protection assays for the presence of chemokine transcripts as ld@vel cell line was established. Human MC were immortalized

scribed in the legend of Figure 1. Protected fragments are indicateds transfection with expression plasmids of SV40 large T
RANTES, IP-10, MCP-1, and IL-8, respectively. The figure is repreantigen and a neomycin resistance gene. This strategy allowed
sentative for one of four experiments, which resulted in comparalfigr the selection of clones that stably overexpress the viral
data. antigen. The resultant novel human MC line proved a useful
model for the study of human MC biology. In contrast to
primary MC, the human MC line could be easily grown using

parable to the transfected MC line, primary human MC estandard cell culture conditions. Dedifferentiaton of the MC
pressed no chemokine receptor mMRNA under basal conditiolise was not seen during a 30-mo cultivation period. Because a
but had detectable mRNA levels for CCR1 upon stimulatiaypical mesangial cell marker is lacking, the cell line had to be
with IFN-vy alone or in combination with TN-and IL-18 for characterized using a variety of antigenic markers we have
24 h (Figure 3B). Furthermore, in primary human MC, PMApreviously described to be helpful for the detection of MC
LPS, TNF«, or IL-13 failed to induce CCR1 (data not shown)yivo and in vitro (14). The cells stained positive for smooth
and no other CC chemokine receptor was reproducibly dewuscle actin, fibronectindl intergrin el chains,31 integrin
tected by RT-PCR. o5 chains, andRicinus communigectin |, markers typically

To confirm this expression of CCR1 by human MC, RNas®und to stain positive on mesangial cells. Since these markers
protection assays were performed using probes specific f not exclusively stain MCe(g., anti8l integrin antibodies
human CCR1, CCR2, CCR3, CCR4, CCR5, and CCRS8. Analso stain endothelial cells), contamination by endothelial or
lyzing 20 to 30ug of total RNA prepared from the human MCepithelial cells was ruled out by negative staining for factor
line, CCR1 expression could be detected after stimulation witHll and cytokeratin 18 and 19, respectively. Contamination
IFN-+v for 24 h. CCR1 was not induced after stimulation withwith cells of non-human origin was excluded by karyotype
PMA, LPS, TNF«, or IL-18. CCR1 expression was found toanalysis, which confirmed a human karyotype.
be further enhanced after stimulating the cells with lz¥6r After establishing the human MC line, the expression of
48 h or using a combination of TN&; IL-18, and IFN<y chemokines was examined in this model system. The expres-
(Figure 4). Under none of the above conditions could other Gfion of chemokines by MC has been previously described by us
chemokine receptors reproducibly be detected. and several other groups (17-19). MCP-1, a chemotactic agent

In summary, an inducible expression of CCR1 could bier monocytes and T cells, is rapidly upregulated in mouse, rat,
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Figure 3. Expression of CC chemokine receptor 1 by the human MC line and primary human MC as detected by reverse transcriptic
(RT)-PCR. Immortalized human MC (Panel A) and primary human MC (Panel B) were cultured under basal conditions or stimulated wit
IFN-y or a combination of TNk, IL-18, and IFN+<y (comb), respectively, for 24 h before RNA extraction. RT-PCR was performed using
primers specific for human chemokine receptor CCR1 as described in detail in Materials and Methods. CCR1-specific PCR products ha
length of 1106 bp and were visualized by ethidium bromide staining after separation on a 1.2% agarose gel (left side). To confirm the ident
of CCR1, PCR products were digested wihoRI (combEcoRlI). The two resulting fragments of 565 and 541 bp were separated on a 2%
agarose gel and are shown on the right side. Results representative for a series of four independent experiments are shown. Genomic DN

water served as positive and negative controls. Contamination of RNA with genomic DNA was controlled in reactions without revers
transcriptase (RF).

and human MC after activation of the cells by a variety aind IFN-y led to a more than additive and prolonged expres-
stimuli (20-22). RANTES, a chemoattractant of T cells, monaion of these chemokines. These results may be of particular
cytes, eosinophils, and basophils, is expressed mvighh by interest because during an inflammatory proceswvivo, a
mouse MC (23,24) and was also found to be expressed \mriety of proinflammatory mediators is released. In contrast
primary human MC (25). IL-8, a potent neutrophil attractant, i® previously published data (25) in the human MC line,
expressed by rat and human MC (26,27). The expressionFRANTES was induced only after stimulation with IFNfor at
IP-10 mRNA has been described for mouse and human Mé&ast 24 h, but the combined stimulation with TRFL-13,
(28,29). and IFN-y led to an earlier and enhanced expression of RAN-
Using the human MC line, a systematic investigation ofES. A weak IP-10 expression by human MC was seen only
chemokine expression by human MC was possible and adter stimulating the cells with a combination of TNFAL-1,
vealed reproducible results. Multi-probe RNase protection amd IFN-y, again indicating the difference in stimuli and time
says were performed because this method allowed the simedurses for the different chemokines.
taneous analysis of eight chemokines for each stimulatorylnduction of specific chemokines may contribute to the
condition and time point. Thus, a comprehensive chemokimarious inflammatory cell infiltrates seen in different forms of
expression profile for human MC could be described. Compglomerular injury. This is suggested by studies of animal
rable to the data in the literature under proinflammatory comodels of inflammatory kidney diseases that describe glomer-
ditions, the human MC line upregulated mRNA encoding farlar expression of MCP-1, RANTES, IL-8, and IP-10 by local
the chemokines MCP-1, RANTES, IL-8, and IP-10, whereamd infiltrating cells (30-35). In a recent article, a mouse
no expression of the chemokines MIg;IMIP-3, 1-309, and model of crescentic glomerulonephritis was investigated.
lymphotactin was seen. The various stimuli tested producedibcking the function of MCP-1 and RANTES resulted in a
different pattern, and time course, of chemokine response. Tignificant decrease of glomerular leukocyte influx, crescent
human MC line strongly induced MCP-1 and IL-8 mRNAformation, and interstitial fibrosis (36). Chemokines may also
within 4 h, and by 12 h had already downregulated expressiplay an important role in human glomerular disease. Using
to basal level. A combination stimulation with TNE-IL-18, immunohistology in kidney biopsies of patients with prolifer-
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Figure 5. Chemotactic responses of human mesangial cells to
RANTES and eotaxin. Unstimulated human MC (expressing no che-
mokine receptors, left side) and human MC stimulated with a com-
bination of TNF«, IL-13, and IFN-y (expressing CCR1, right side)
were assessed in Transwell migration assays for chemotaxis toward
different concentrations of the CCR1-ligand RANTES and the CCR3-
ligand eotaxin. A total of 2 10 cells was placed on the top well of
L32 the filter insert. The cells that had migrated into the bottom chamber
containing buffer= chemokines were counted by flow cytometry as
Figure 4.Detection of CC chemokine receptor 1 mRNA expression iifidicated on the left. The migration indices are shown on the right.
stimulated human MC by RNase protection assay. For the analysisTte data are meart SD of triplicates performed for each experi-
CCR1 expression of human MC by RNase protection assays, céll§ntal condition. The figure is representative for five experiments
were stimulated with IFNy alone or with a combination of TNE; resulting in comparable data.
IL-13, and IFN<y (comb) for 24 or 48 h before RNA extraction. RNA
prepared from unstimulated cells and after stimulation with T\F-
PMA, or LPS alone for 24 h served as controls. Multi-probe RNase

protection assays were performed usingi2fof RNA as described in receptor fgn(;tlon dhas peen repognlzed as pIayllng a_rol:a IE
Materials and Methods. The probes are shown in the last lane, ﬁn]%matopmess and angiogenesis (42). For example, mice lack-

protected fragments are indicated as CCR1 using L32 gene prodif@ CXCR4 diein utero qnd_ have maj0|_' defect; in vascular
as housekeeping controls. Results are from one of three independifﬁiempmem, hematopoiesis, and cardiogenesis. Furthermore,
experiments, which gave reproducible data. expression of these chemokine receptors also occurs on neu-

ronal tissue and developing vascular endothelial cells, support-

ing a role for CXCR4 in organ development (6).
ative glomerulonephritis, Wegener's disease, and lupus nephriTwo reports by Dorfet al. suggested the presence of che-
tis, a positive staining with mesangial distribution was seen farokine receptors on the surface of mouse MC (13,43). In the
MCP-1 (37). In other publications, a high urinary MCP-Tirst article, binding of the mouse CC chemokine thymus-
excretion was strongly correlated with disease activity of halerived chemotactic agent 3 (TCA3) to mouse MC was seen
man lupus nephritis (38,39) and IgA nephropathy (40). Asing Scatchard plot analysis. The binding of the chemokine
significant upregulation of glomerular MCP-1 expression wdsd to adhesion to fibronectin, chemotaxis, and proliferation of
observed in kidney biopsy specimens from patients with crythe mouse MC (13). Subsequently, thymus-derived chemotac-
globulinemic glomerulonephritis (41). tic agent 4 (TCA4) was described as a new mouse CC chemo-

Our observation of inducible CCR1 expression in humakine acting as a chemoattractant with activity on mature T cells

MC is of interest, as most chemokine receptors are known to éed mouse MC (43). However, the corresponding chemokine
expressed by leukocytes only, and their function is considerasteptors are still not identified.
to be restricted to the recruitment of leukocytes to sites of Thus far no reports on the expression of known CC chemo-
tissue injury. However, over the past few years chemokikéne receptors by mouse or human MC have been published. It
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therefore was of interest to show that stimulation of human MC
with IFN-vy alone or in combination with TN and IL-13
leads to an expression of CC chemokine receptor 1 mRNA-
This finding could be confirmed by two independent methods,
i.e., RT-PCR and RNase protection assay. In addition, the
expression pattern for CCR1 was identical for primary and
immortalized human MC. Under basal conditions, no CCR1"
mRNA was detectable and other stimuli when tested alon
failed to induce CCR1. Interestingly, the combination of
TNF-o and IL-18 with IFN-y caused a stronger CCR1 expres-¢
sion than IFNy alone. No transcripts of the chemokine recep-
tors CCR3, CCR4, CCR5, or CCR8 could be detected in
human MC under any of the experimental conditions. A faintz,
band for CCR2 was occasionally but not reproducibly noteds.

To test the functionality of the CCR1 on MC, chemotaxis
assays were used. Using this sytem, human MC migrate¥i
toward a RANTES gradient. Because the cells expressed none
of the other known RANTES receptors (CCR3-5), the effect &f-
RANTES on human MC appears to be mediated by CCRL1.
This is further supported by the congruent observation that
only cytokine-stimulated MC expressed CCR1 and migrated j
response to RANTES. To exclude unspecific effects of che-
mokines on human MC, the potential migration of MC toward
eotaxin was assessed. As expected, eotaxin, which binds only
to CCR3 but not to CCR1, induced no chemotactic response.

The finding that MC cannot only express chemokines byp.
also at least one type of chemokine recept@, CCR1, is
novel. CCR1 binds MIP-d4, RANTES, and MCP-3, and has
been detected previously on neutrophils, monocytes, lympho-
cytes, and eosinophils (44). Interestingly, in a preliminary
report knockout mice for CCR1 were noted to have worse reri&-
disease in response to nephrotoxic serum than wild-type mice
(45). This was interpreted as indicating a potential anti-inflam-
matory effect of CCR1. In this context, it is tempting g4
speculate that the expression of CCR1 by human MC could be
involved in modulating the local response to immune injury iTs
the glomerulus, a hypothesis that needs further testing. Fur-
thermore, CCR1 on MC could be involved in MC migration.
For example, during experimental mesangiolytic glomerulone-
phritis, MC repopulate the mesangial stalk by migrating ifg
from the glomerular vascular pole (46). The responsible me-
diator(s) and their respective receptors have not been identified
to date. CCR1 could be a potential candidate especially B5
RANTES is upregulated in mesangiolytic glomerulonephritis
(23) and caused mesangial cell migration in our studies. These
intriguing speculations deserve further study especially as ef-
fective chemokine and chemokine receptor antagonists are
becoming available.
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