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Differential expression of macrophage inflammatory protein-2 and
monocyte chemoattractant protein-1 in experimental glomerulonephritis.
We examined the relation between glomerular expression of chemokines
from o-subfamily (macrophage inflammatory protein-2, MIP-2) and
B-subfamily (monocyte chemoattractant protein-1, MCP-1) and infiltra-
tion of neutrophils and monocytes in antibody mediated glomerulonephri-
tis in rats. In the accelerated model of nephrotoxic nephritis (NTN),
glomerular expression of MIP-2 and MCP-1 genes correlated with the
sequential migration of neutrophil and monocyte influx, respectively.
These relationships were investigated further in the heterologous phase of
NTN by applying various treatments known to modulate the severity of
injury. Pretreatment with bacterial lipopolysaccharide resulted in greater
injury, MIP-2 expression increased 25- to 50-fold, and the glomerular
neutrophil count increased two- to fourfold. Both MIP-2 mRNA levels
and neutrophil infiltration were reduced by additional pretreatment with
IL-6, IL-1 receptor antagonist, soluble IL-1 receptor or soluble TNF
receptor (Spearman correlation coefficient » = 0.897, P < 0.005). In the
heterologous phase of NTN, different pre-treatments only resulted in
trivial changes in MCP-1 expression and monocyte infiltration. In conclu-
sion, glomerular MIP-2 gene expression correlates with neutrophil infil-
tration both temporally during the evolution of nephritis, and when
glomerular injury is modified by treatment. Glomerular MCP-1 gene
expression correlates with monocyte influx. The data show chemokines of
- and B-subfamilies co-operative to cause selective and sequential
migration of different leukocyte subsets during development of antibody
mediated glomerulonephritis.

Acute glomerulonephritis is characterized by a series of inflam-
matory events that can result in severe tissue injury. Glomeruli are
infiltrated by leukocytes, initially with neutrophils and later by
monocytes, both of which can cause injury by releasing proteases
and reactive oxygen or nitrogen species [reviewed in 1, 2]. The
processes responsible for localization are increasingly well under-
stood at the molecular level, principally from in vitro studies of
binding of leukocytes to human umbilical vein endothelium.
Leukocytes first adhere lightly to activated endothelium, largely
through interactions with selectins and their counter-receptors
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[3]. Next, leukocytes are activated at the endothelial cell surface
by a variety of substances, including complement breakdown
products, platelet activating factor and chemotactic cytokines
(chemokines). They then adhere more firmly to the endothelium
before migrating into the interstitial space; these last two pro-
cesses involve binding of integrins to counter-receptors of the
immunoglubulin superfamily [4].

Studies of a variety of experimental models of inflammation,
including glomerulonephritis, in rodents have confirmed the
relevance of these processes in vivo. For example, neutrophil
migration can be prevented by passive immunization against
ICAM-1 in the heterologous phase of nephrotoxic nephritis in rats
[5]- However, none of these studies explain what controls the
kinetics of leukocyte influx during the evolution of an inflamma-
tory response, and specifically why neutrophils are prominent in
the infiltrate during the early stages, whereas monocytes are found
later. In vitro evidence suggests that chemokines are prime
candidates for regulating such selectivity. Chemokines are potent
chemoattractants in vitro, and in vivo when injected into local
tissues [6, 7]. They have been categorised into «- and B-subfam-
ilies by the arrangement of cysteine residues in the primary
structure. The a-chemokines are potent chemoattractants for
neutrophils, and include interleukin 8 (IL-8) and macrophage
inflammatory protein-2 (MIP-2) [8, 9]. Beta-chemokines, such as
monocyte chemoattractant protein-1 (MCP-1), have no activity on
neutrophils but are potent monocyte chemoattractants [7].

Chemokines from both subfamilies are synthesized in inflamed
tissues in vivo [10]. Interleukin 8 can be detected in the glomeruli
of rabbits with acute immune complex induced glomerulonephri-
tis, and passive immunization against IL-8 in this model decreased
neutrophil infiltration and attenuated glomerular injury [11].
Interleukin 8 has not been detected in mice or rats, and MIP-2
appears to be its functional homologue [9]. In rats, MIP-2 mRNA
can be detected in rejecting cardiac allografts [12], and in pulmo-
nary inflammation induced either by LPS or mineral dust [13, 14].
In each of these settings, MIP-2 expression is associated with
neutrophil infiltration. MCP-1 is expressed in the glomeruli of rats
with anti-Thy 1.1 antibodies induced glomerulonephritis [15],
nephrotoxic nephritis [16], in isolated rat kidneys [17] perfused in
vitro with LPS and in the glomeruli of patients with proliferative
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glomerulonephritis [16]. It has also been detected in immune
complex-induced lung injury in rats [18], and in the joints of
patients with rheumatoid arthritis [19].

The relation between the kinetics of chemokine expression to
leukocyte influx into glomeruli has rarely been studied in vivo, and
there are no reports of experiments designed to examine the
differential expression of - and B-chemokines during the evolu-
tion of acute glomerulonephritis. Nephrotoxic nephritis (NTN) in
rats induced by injection of heterologous antibodies to the GBM
is ideal for such studies. The intensity of infiltration can be
quantified accurately, and the respective roles of neutrophils and
monocytes in injury have been characterized [20, 21]. Two models
of NTN are used in our study. In the heterologous phase is
transient and results directly from binding of injected antibodies
to GBM; neutrophil is the major type of leukocytes infiltrating the
glomeruli. Small numbers of monocytes infiltrate glomeruli but do
not appear to be required for injury [20]. The accelerated NTN
can be induced if rats are pre-immunized against the foreign IgG,
and in this case the early neutrophil influx merges into a more
sustained monocyte response [21].

The present experiments were designed to examine the role of
a- and B-chemokines in neutrophil and monocyte recruitment in
NTN using MIP-2 and MCP-1 as candidate molecules. The results
show that MIP-2 and MCP-1 are differentially expressed in
nephritic glomeruli with kinetics that correlate closely with infil-
tration of neutrophils and monocytes respectively. The degree of
chemokine expression is reflected in the intensity of leukocyte
infiltration. These data support the hypothesis that chemokines
are powerful determinants of the nature of a leukocyte infiltrate
during pathogenesis of glomerulonephritis.

Methods
Glomerulonephritis

Accelerated NTN was induced in male Sprague-Dawley rats
(weight 190 to 250 g) which had been immunized by subcutaneous
injection of 1 mg normal rabbit IgG (Sigma, St. Louis, MO, USA)
in Freund’s complete adjuvant (Sigma) seven days previously.
Each rat was injected with 1.5 ml of NTS intravenously. Groups of
five rats were killed 4, 6, 24, 48 and 96 hours after injection of
NTS. Additional groups of five normal rats, and five rats injected
with normal rabbit IgG in Freund’s complete adjuvant only were
used as controls.

The relation between chemokine expression and glomerular
leukocyte infiltration in the heterologous phase of NTN was
analyzed using biopsies from previous experiments, which were
designed to determine whether treatments that inhibit TNF and
IL-1 reduce injury. The effects of these treatments on injury has
already been reported {22, 23] and here we report the effect on
chemokine expression. Heterologous phase of NTN was induced
by a single intravenous injection of 10 mg of NTAb in male
Sprague Dawley rats (weight 180 to 200 g). From previous
experiments this dose was known to cause minimal albuminuria in
normal rats and severe nephritis in rats pretrcated with an
intraperitoneal injection of 0.25 pg of LPS, small doses of
recombinant IL-18 or TNF-« one hour previously [24]. Rats were
killed four hours after injection of NTAb for quantitation of
glomerular neutrophil and monocyte infiltration and extraction of
glomerular RNA. Studies were also performed on groups of rats
in which the effects of LPS were attenuated by treatments with
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1L-6, IL-1ra, sIL-R or STNFR. In each case, these were adminis-
tered intravenously 30 minutes before injection of LPS and caused
a 79 to 98% reduction in glomerular injury (assessed by propor-
tion of glomeruli affecting by capillary thrombosis).

Reagents

Rabbit antiserum to rat GBM, nephrotoxic serum (NTS), was
prepared as described previously. Immunoglobulin G (IgG) was
purified from NTS using a Staphylococcus protein-A column, with
special care to avoid contamination with endotoxin [25]. The
resulting IgG (anti-GBM antibody, nephrotoxic antibody, NTAb)
contained less than 50 pg/ml of LPS.

A stock solution of 2.5 mg/m! of LPS (Salmonella typhimurium;
Sigma) was prepared and stored at 4°C until used. Human
recombinant [L-6 was prepared at the Glaxo Institute of Molec-
ular Biology (Geneva, Switzerland). It was active down to a
concentration of 0.1 pM, as determined by the hybridoma growth
activity of 7TD1 cells, and had a specific biological activity of 2.8
X 10" units/mg [26]. Recombinant soluble murine IL-1 receptor
(sIL-1R) was produced from BHK-21 cells transfected with
PCDMS vector with the extracellular region of the murine IL-1
receptor type I (mulL-1RtI) [27] and subsequently purified on an
immunoaffinity column consisting of anti-murine IL-1 receptor
monoclonal antibody M1 (Immunex) coupled to CNBr-activated
sepharose, previous studies had shown that doses of 1.25 to 4
mg/kg of sIL-1R were effective in reducing the severity of
experimental arthritis in rats and mice [28], and so a dose of 2.5
mg/kg was used in our experiments. Recombinant human IL-1
receptor antagonist (IL-1ra) was synthesized as reported previ-
ously [29]. Twenty-five-fold molar excess of IL-1ra was effective in
half maximal inhibition of IL-1B-induced PGE2 production by
human dermal fibroblast. Recombinant human IL-1ra has been
shown to be effective in suppression glomerular injury in the
heterologous phase of NTN and accelerated NTN in rat [30, 31].
Soluble TNF receptor (STNFR) was prepared at Centocore Inc.
(PA, USA) by fusion of the extracellular domain of human P55
TNF receptor to the J sequence and constant domains of human
IgG1, which has a high affinity and neutralizing capacity towards
human TNFa and -8, and murine TNF [32]. The amount of
STNFR used in this study was shown to be effective in neutralizing
TNF in systemic circulation completely as measured by WEHI 164
clone 13/2F2 bioassay [23]. The effectiveness of these recombinant
IL-1 and TNF inhibitors to inhibit rat IL-1 and rat TNF in vivo was
further supported by the finding that they are as effective as
polyclonal antiserum to rat IL-13 and antiserum that cross react
with rat TNF in reducing glomerular injury in the heterologous
phase of NTN [33]. IL-6, sIL-1R, IL-1ra and sTNFR are all free
from endotoxin.

The cDNA probe for rat MCP-1 [34] and MIP-2 [35] were 665
bp and 1021 bp insert subcloned into pBLUEScript plasmid,
respectively. The cDNA probe for human tubulin kal [36], which
was used as a control, was a 1.6 kb insert subcloned into pSP64
plasmid.

Quantitation of glomerular neutrophil and monocyte infiltration

Rats were anaesthetized with ether, and the kidneys were
perfused in situ with 50 ml of phosphate buffered saline (PBS) at
room temperature, followed immediately by 10 ml of ice cold
PBS. Samples of renal tissue were snap frozen in liquid nitrogen
for immunohistochemistry, or were fixed in formalin for light
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Fig. 1. Northern blot analysis of glomerular RNA during induction of
accelerated nephrotoxic nephritis. The same blot was sequentially hybrid-
ized for MIP-2, MCP-1 and tubulin mRNA. Position of the ribosomal
band 18S was shown as size markers. Tubulin mRNA was used as control
for any differences of loading or transfer of RNA. In each lane, 26 ug of
total RNA extracted from glomeruli pooled from 3 rats were used.
Densitometric analysis of this Northern blot is shown as Blot A in Table
1. Another Northern blot of RNA from another 2 rats at the same time
points showed similar results.

microscopy as previously described [24]. Neutrophil infiltration
was assessed in chloroacetate esterase stained sections by count-
ing the number of neutrophils in 50 consecutive glomeruli [24].
Monocytes were identified in frozen sections by indirect immu-
noperoxidase staining with the ED1 monoclonal antibody (Sero-
tec, Oxford, UK) [37] and the degree of infiltration was again
assessed by counting 50 glomeruli.

Glomerular mRNA analysis

The remaining kidney tissue was used to purify glomeruli by
differential sieving [38]. RNA was extracted from the glomeruli
using 4 M guanidine thiocyanate solution and purified by the
caesium chloride gradient ultracentrifugation method [38]. Ali-
quots of glomerular RNA were analyzed by Northern blotting as
described previously [38]. The filters were sequentially hybridized
with 32P-CTP cDNA probes for MIP-2, MCP-1 and tubulin.
Multiple exposure times were used to ensure optimal conditions
for densitometry. Filters were stripped of radioactivity by washing
in boiling 0.01% SDS, 0.01 x SSC (1 x SSC = 15 mm trisodium
citrate, 150 mm sodium chloride) solution before repeat hybrid-
ization with another cDNA probe. Degree of hybridization was
assessed by scanning optimally exposed autoradiographs with a
Chromoscan 3 densitometer (Joye Loebl, England). Differences
in RNA loading were corrected by reference to hybridization of
the tubulin probe using the formula:
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Table 1. Densitometric analysis of glomerular chemokine mRNA levels
in accelerated nephrotoxic nephritis

Hours after induction

Northern
mRNA blot N Normal 0 4 6 24 48 96
MIP-2 A 3 0 0 51% 100% O 0 0
B 2 0 0 100% 66% O 0 0
MCP-1 A 3 0 0 11% 100% 50% 30% 15%
B 2 0 0 59% 100% 21% 10% bg

Results were from two sets of Northern blots. Blot A is the Northern
blot shown in Figure 1, each glomerular RNA sample was extracted from
glomeruli pooled from 3 rats. For Blot B, RNA were pooled from 2 rats
at each time point. Densitometric values of MIP-2 and MCP-1 mRNA
levels were normalized to tubulin mRNA level. The highest value was
assigned as 100%. Abbreviations are: N, number of animals at each time
point that the RNA derived from; bg, densitometry was not possible at 96
hr sample for MCP-1 mRNA in Blot B, because of a patch of non-specific
background radioactivity.

MCP-1 or MIP-2 mRNA
tubulin mRNA

These results were then expressed as a percentage of the highest
value.

Statistical analysis

The data are presented as means together with standard errors
(se). The probabilities that differences between groups were
significant were calculated using Wilcoxon rank sum test. Semi-
quantitive analysis of MIP-2 mRNA and neutrophil infiltration
was assessed by Spearman correlation.

Results
Accelerated nephrotoxic nephritis

In the first experiment, groups of three rats were killed at each
time point for measurement of steady-state mRNA levels for
MIP-2 and MCP-1. Neither chemokine mRNA could be detected
by Northern analysis of glomerular RNA from normal or pre-
immunized rats, but both were detected in the glomerular RNA
from nephritic rats (Fig. 1). However, MIP-2 mRNA was found
only at four and six hours after induction of nephritis, whereas
MCP-1 mRNA could be detected at all time points between 4 and
96 hours. The highest MCP-1 mRNA level was at six hours (Table
1). These results were confirmed in a second experiment from
Northern blots of glomerular RNA from another two rats at each
time point (Table 1).

The kinetics of glomerular neutrophil and monocyte infiltration
of at each time point is shown in Figure 2 and are consistent with
previous reports [21, 39]. There was a large but transient increase
in glomerular neutrophil count which rose to maximal values
between four and six hours, and had almost completely resolved
24 hours after induction of nephritis. By contrast, although the
monocyte numbers had increased by four hours, maximal values
were found at 24 hours and were sustained for the rest of the
experiment. Thus, the time course of MIP-2 expression coincided
exactly with the glomerular neutrophil infiltration whereas MCP-1
expression coincided with that of monocytes.
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Fig. 2. Glomerular infiltration by neutrophils (O) and monocytes (@) during
induction of accelerated nephrotoxic nephritis in rats. Results were ex-
pressed as mean * SEM for 4 rats at each time point.

Heterologous phase of nephrotoxic nephritis

Next we performed experiments to ascertain whether the
degree of chemokine expression correlated with the intensity of
leukocyte infiltration. This was done in the heterologous phase of
NTN because in this model, the intensity of leukocyte infiltration
and the severity of injury are increased by pretreatment with small
doses of LPS [24], an effect which is attenuated by treatments that
inhibit 1L-18 or TNF [33]. Four hours after induction of nephritis,
MIP-2 gene expression was 25- to 50-fold higher in nephritic rats
pretreated with LPS compared to those given NTAb alone. This
change was associated with a two- to fourfold increase in glomer-
ular neutrophil count (Fig. 3 and Table 2), and with significantly
more glomerular injury [22, 23]. Inhibition of IL-1 with 500 ug
IL-1ra or 500 pg sIL-1R, and inhibition of TNF with 400 ug
STNFR reduced the degree of glomerular neutrophil infiltration.
Pretreatment with IL-6 also reduced glomerular IL-18 and TNFa
gene expression and circulating TNFa concentration; the effects
of these treatments on glomerular injury have been described in
detail elsewhere [22, 23]. All the treatments also reduced MIP-2
gene expression substantially, and when results from all heterol-
ogous phase experiments were considered together, there was a
strong correlation between MIP-2 expression and glomerular
neutrophil numbers (Fig. 4) (Spearman correlation coefficient
r = 0.897, P < 0.005). However, there was a small but definite
increase in the glomerular neutrophil count when MIP-2 mRNA
was barely detectable. This clearly suggest factors other than
MIP-2 contribute to neutrophil recruitment. The change in MIP-2
expression following LPS pretreatment (25- to 50-fold higher in
LPS pretreated group) contrasts with relatively little change in
MCP-1 mRNA level (1.4- to 3.6-fold higher in LPS pretreated
group). Furthermore, LPS pretreatment had no effect on the
glomerular monocyte counts (Fig. 3 and Table 2). Inhibitors of
IL-1 and TNF only caused small changes (28 to 72% reduction) of
MCP-1 gene expression and again had no effect on glomerular
monocyte numbers. These results again show that glomerular
expression of MIP-2 and MCP-1 genes is dissociated; this is
particularly interesting because heterologous phase injury is neu-
trophil rather than monocyte dependent.
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Fig. 3. Northern blot analysis of MIP-2 and MCP-1 mRNA during induction
of the heterologous phase of nephrotoxic nephritis. Each sample of glomer-
ular RNA (25 pg) was extracted from glomeruli pooled from 4 rats.
Samples included glomerular RNA from rats that received injections of
NTAb, LPS+NTADb and IL-6-+LPS+NTAb, which were killed four hours
following induction of nephritis. RNA from LPS-stimulated bone marrow-
derived macrophages were used as positive control for hybridization.
Densitometric analysis of NTAb, LPS+NTAb and IL-6+LPS+NTAb
groups were shown in experiment A of Table 2. This Northern blot is
representative of two Northern blots.

Discussion

A large number of different inflammatory mediators are potent
chemoattractants for leukocytes. Most are equally active on
neutrophils and monocytes, and are unlikely to be responsible for
the difference in kinetics of their recruitment to an inflamed site.
The chemokines are the obvious exception to this rule and so the
experiments reported here were designed to analyze the potential
role of MIP-2 («a-chemokine) and MCP-1 (B-chemokine) in
selective recruitment of neutrophils and monocytes into inflamed
glomeruli. It would have been ideal to use immunohistology and
specific immunoassays to assess cytokine expression, but unfortu-
nately suitable reagents are not available. We therefore chose
Northern blot analysis of glomerular mRNA as a surrogate
measure, first because it provides a robust assay not subject to the
uncertainties of a reverse transcription-polymerase chain reaction
based approach. Secondly, it avoids the potential in vitro artifacts
inherent in cell culture methods that are used to assess glomerular
cytokine synthesis.

The kinetics of glomerular MIP-2 and MCP-1 gene expression
in the accelerated model of NTN correlated with the individual
time courses of glomerular neutrophil and monocyte infiltration
respectively. Thus, the data are consistent with the idea that



Tam et al: MIP-2 and MCP-1 in glomerulonephritis 719

Table 2. Glomerular chemokine mRNA levels and leukocyte infiltration when the severity of injury was modulated in the heterologous phase of
nephrotoxic nephritis

Time Numbcer Neutrophils/glomerular Monocytes/glomerular
Treatment hours of rats section section MIP-2 mRNA MCP-1 mRNA

Experiment A

NTAb 4 4 1.74 = 0.12* 1.06 * 0.02 2% 29%

LPS + NTAb 4 4 3.54 = 0.46 1.10 = 0.06 100% 100%

IL-6 + LPS + NTAb 4 4 1.44 = 0.40* 1.28 = 0.14 4% 33%
Experiment B

NTAb 4 4 1.12 = 0.222 120 £ 0.1 2% 28%

LPS + NTAb 4 4 4.40 = 0.28 1.28 = 0.18 100% 100%

IL-1ra + LPS + NTAb 4 4 2.42 =+ 0.60° 1.18 = 0.04 27% 2%

sIL-IR + LPS + NTAb 4 4 272 * 0.32¢ 1.16 = 0.08 45% 42%
Experiment C

NTAb 4 4 152 £ 0.16* ND 4% 74%

LPS + NTAb 4 4 4.30 = 0.38 ND 100% 100%

STNFR + LPS + NTAb 4 4 232 £ 0.22° ND 3% 28%

Twenty-five pg of total RNA from glomeruli pooled from 4 rats of each treatment group were analyzed by Northern blots. Densitometric analysis
of MIP-2 and MCP-1 mRNA were normalized to tubulin level. The highest value was assigned as 100%. Results for experiment A were from
densitometric analysis of the Northern blot shown in figure 3. Results for experiments B and C were from analysis of another two Northern blots.
Neutrophils and monocytes per glomerular section was calculated from the mean of 50 consecutive glomerular sections from each rat. Results are
expressed as mean * standard error for each group of rats. Abbreviations are: IL-6, interleukin-6; IL-1ra, IL-1 receptor antagonist; sIL-1R, soluble
murine IL-1 receptor type I; STNFR, soluble TNF receptor; LPS, bacterial lipopolysaccharide; NTAb, nephrotoxic antibody (anti-GBM antibody); ND,

not done.

4P = 0.05 Wilcoxin rank sum test (two tailed) of comparison with LPS + NTAb group
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Fig. 4. Glomerular MIP-2 mRNA levels and neutrophil infiltration in the
heterologous phase of nephrotoxic nephritis in rats. These data represent
results from 3 experiments shown in Table 2. Symbols are: (A) normal; (O)
NTAD; (A) LPS/NTAD; (@) IL-6/LPS/NTAbD; ([(J) IL-1ra/LPS/NTAb; (H)
sIL-1R/LPS/NTAD; (&) sSTNFR/LPS/NTAb. Each point represents mean
value for 4 rats in each treatment group (Spearman correlation coefficient
r = 0.897, P < 0.005).

increased MIP-2 expression contributed substantially to the neu-
trophil influx, and that generation of MCP-1 was important for
monocyte recruitment. An alternative explanation is that the

leukocytes themselves were the source of their respective chemo-
kines since they are known to synthesize them [7, 40]. However,
this is unlikely because mesangial cells synthesize MIP-2 [40] and
MCP-1 [41-43] when stimulated in vitro with 1L-1 or with TNF-a,
interferon-y or IgG aggregates.

Glomerular MIP-2 expression also correlated with the intensity
of neutrophil infiltration and the severity of injury when the
heterologous phase of NTN was modified by different treatments.
Thus, pretreatment of nephritic rats with LPS caused a 25- to
50-fold increase in MIP-2 expression and a two- to fourfold
increase in glomerular neutrophils, whereas there was only 1.4- to
3.6-fold change in MCP-1 expression and no difference in mono-
cyte counts. Monocytes is the minor component of the leukocyte
infiltrates in this model. We have previously also examined the
effect of pretreatment with IL-6 and LPS on glomerular monocyte
number at later time point in the heterologous phase of NTN, but
there was no difference between the groups [22]. Overall, there
was a strong correlation between MIP-2 expression, neutrophil
counts and injury. This is consistent with the idea that MIP-2
expression is an important determinant of heterologous phase
injury, in which the severity of glomerular injury directly corre-
lates with glomerular neutrophil infiltration and can be abrogated
by depletion of neutrophils [20]. Feng and colleagues have
recently confirmed that this by passive immunization against
MIP-2 and results in reduction of neutrophil influx by 40% and
reduction of fibrin deposit by 54% in this model [35].

These data suggest that chemokines are important in the
recruitment of leukocytes in vivo, but do not exclude a contribu-
tion of other chemoattractants. In fact, there is recent evidence
that chemokines synergize with other chemoattractants, for exam-
ple, MCP-1 synergizes with platelet activating factor to stimulate
monocytes [44]. In this way, when different chemoattractants
synergize in the recruitment of leukocytes, chemokines may
determine the subsets of leukocytes being recruited.

Our data also support the role of the cytokine network in the
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regulation of chemokines expression in vivo. LPS pretreatment in
the heterologous phase of NTN up-regulated glomerular expres-
sion of IL-18 and TNFa mRNA, and also TNFa concentration in
serum [22]. Pretreatment with inhibitors of IL-1 and TNF inhibit
the effect of LPS on the glomerular expression of chemokine
genes in this study. At least three factors could be involved in
down-regulation of glomerular chemokine mRNA by IL-6: first, it
could result from reduced circulating TNFe concentrations [22];
second, it could be caused by reduction in glomerular IL-18 and
TNFa; and third, it might be a direct effect of IL-6 on chemokine
synthesis. It should be noted that none of the pretreatment
completely abrogated expression of MIP-2 mRNA.

Our study was design to compare kinetics of expression of
candidate members of a- and B-subfamily chemokines during the
evolution of acute glomerulonephritis. It does not catalogue the
range of chemokines expressed and does not exclude participation
of other chemokines in the pathogenesis of antibody mediated
glomerulonephritis. Other chemokines have now been shown to
involved in the pathogenesis of NTN. For example, cytokine-
induced neutrophil chemoattractant (CINC or KC), which was
originally cloned from a rat glomerular epithelial cell line, has
recently been shown to contribute to neutrophil infiltration and
proteinuria in NTN in rats [45]. Nevertheless, the close temporal
relationship between glomerular expression of MIP-2 mRNA,
glomerular neutrophil infiltration and injury in NTN supports the
notion of a pathogenesis role for MIP-2. Proof of this comes from
recent experiments by Feng and colleagues, in which passive
immunization against MIP-2 reduced injury in the heterologous
phase of NTN [35].

In summary, we have demonstrated that the differential glo-
merular expression of MIP-2 and MCP-1 mRNA correlates with
the selective migration of neutrophils and monocytes in two
models of antibody mediated glomerulonephritis.
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Appendix

Abbreviations used in this paper are: CINC, cytokine-induced neutro-
phil chemoattractant; GBM, glomerular basement membrane; IL-1ra,
IL-1 receptor antagonist; MCP-1, monocyte chemoattractant protein-1;
MIP-2, macrophage inflammatory protein-2; mulL-1Rtl, murine IL-1
receptor type I; NTAb, nephrotoxic antibody; NTN, nephrotoxic nephritis;
NTS, nephrotoxic serum; PBS, phosphate buffered saline; sIL-1R, soluble
IL-1 receptor; sSTNFR, soluble TNF receptor.
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