
INTRODUCTION

Interleukin-10 (IL-10) is a cytokine that is produced by a number
of cell types, including T cells, macrophages [1] and resident tissue
cells such as keratinocytes and mesangial cells [2]. IL-10 inhibits
macrophage functions and diminishes macrophage and/or neu-
trophil mediated injury in a number of experimental models of
innate and adaptive immune responses [3–8]. It has well-
characterized inhibitory effects on T cells, particularly the T
helper 1 (Th1) subset [9], antigen presenting cells [10] and
macrophages [11], both directly and via inhibition of the secreted
products of Th1 cells.

Despite these documented effects on T cell subsets and its
effects in inhibiting macrophage effector functions, the effects of
IL-10 on mesangial cell proliferation and expression of pro- and

anti-inflammatory mediators are not well understood. There have
been conflicting reports as to the effects of IL-10 on mesangial
cells [2,12,13]. Mesangial cells can develop a macrophage-like
phenotype, suggesting that IL-10 should have anti-inflammatory
effects in this cell. The presence of IL-10 in lesions of human 
and experimental proliferative glomerulonephritis (GN) was pre-
dicted to exert a counter-regulatory role [14,15] and recent studies
in mice genetically deficient in IL-10 support this contention [8].
However, it is unclear from the current literature whether IL-10
has proliferative or antiproliferative effects on mesangial cells or
whether IL-10 enhances or inhibits the synthesis and secretion of
proinflammatory mediators from mesangial cells [2,12,13,16].

Based on this evidence, we tested the hypothesis that IL-10
would inhibit mesangial proliferative GN. To address the hypo-
thesis, IL-10 was administered to rats with mesangial proliferative
GN (anti-Thy 1 GN) induced by polyclonal antithymocyte anti-
body. The degree of histological injury, cellular proliferation 
and the expression of proinflammatory mediators of injury was
assessed in rats that had received vehicle alone and compared
with disease in IL-10 treated rats.
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SUMMARY

Conflicting reports exist regarding the effects of interleukin-10 (IL-10) on mesangial cells. There have
been reports of both proliferative and antiproliferative effects, and both proinflammatory and anti-
inflammatory effects of IL-10 on mesangial cells. However, the potential for IL-10 to affect glomeru-
lonephritis characterized by mesangial proliferation is not known. To test the hypothesis that IL-10
would limit experimental mesangial proliferative glomerulonephritis, IL-10 was administered to rats 
in which mesangial proliferative glomerulonephritis was induced by administration of anti-Thy 1 anti-
body. Compared to control treated rats, IL-10 treated rats showed less proliferation, with fewer cells
in glomeruli. Glomerular cellular proliferation was reduced, assessed by the numbers of cells within
glomeruli expressing either proliferating cell nuclear antigen (PCNA) or bromodeoxyuridine. 
Glomerular macrophage influx (but not the proportion of glomerular macrophages that were PCNA
positive) was reduced by IL-10 administration. There was no significant reduction in glomerular a-
smooth muscle actin staining. IL-10 treatment resulted in reduced renal IL-1b mRNA expression and
reduced glomerular ICAM-1 expression, but renal expression of MCP-1 and osteopontin mRNA was
unaltered. This study demonstrates that in experimental mesangial proliferative glomerulonephritis 
IL-10 diminishes inflammatory cell recruitment and mesangial cell proliferation. The effects of IL-10
in inhibiting mesangial cell proliferation are likely to be due to a combination of direct effects of 
IL-10 on mesangial cells and effects mediated by macrophages.
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MATERIALS AND METHODS

Experimental design
Anti-Thy 1 GN was initiated in 6-week-old male outbred
Sprague–Dawley rats weighing 150–200 g, by i.v. injection of 
1 ml/100 g of polyclonal rabbit-antirat thymocyte serum per rat
(day 0). Rats were killed 72 h after the initiation of GN (day 3).
Rats that were treated with IL-10 (n = 6) received recombinant
murine IL-10 (specific activity 6·3 ¥ 107 U/mg; Schering-Plough
Research Institute, Kenilworth, NJ, USA) at a dose of 50 mg/
100 g/day in sterile PBS i.p. beginning 2 h after disease induction.
As previous studies have demonstrated maximal glomerular
binding of anti-Thy 1 antibody 1 h after injection [17], IL-10 treat-
ment was commenced 2 h after anti-Thy 1 antiserum to avoid
potentially affecting the deposition of the disease initiating anti-
body. Further doses were administered at day 1 and day 2. Control
treated rats (Ctrl, n = 6) received the same volume of sterile PBS
at the same time-points. Both groups of rats received bromod-
eoxyuridine (BrdU) at a dose of 50 mg/kg i.p. 3 h before the end
of the experiment. Each result represents the mean of the six
animals with GN from each group. Normal rats without disease
(n = 6) provided baseline measurements. Histological assessments
were performed on coded slides. The significance of differences
between IL-10 treated rats and control treated rats with GN was
determined by the Mann–Whitney U-test.

Assessment of histological injury
Kidney tissue was fixed in Bouin’s fixative, embedded in paraffin
and 3 mm tissue sections were cut and stained with periodic acid-
Schiff (PAS). Cell nuclei from a minimum of 50 consecutive
glomeruli was assessed to determine the average total cell number
for each animal, expressed as cells per glomerular cross section
(c/gcs).

Immunohistochemistry using paraffin embedded sections
Paraffin sections (3 mm) were stained using three-layer immuno-
histochemical techniques. Cellular proliferation was assessed
using antibodies against proliferating cell nuclear antigen (PCNA,
mouse anti-PCNA, 1 in 100, PC-10, Dako, Glostrup, Denmark),
BrdU (mouse anti-BrdU, 1 in 100, Bu20a, Dako), macrophages
(mouse anti-rat-ED1, 1 in 50, American Type Culture Collection,
Manassas, VA, USA) and a-smooth muscle actin (mouse anti-
human a-smooth muscle actin, 1 in 200, 1A4, Dako). Sections
were dewaxed, hydrated and microwave-treated (0·01 M Tri-
sodium citrate, 10 min), then incubated with 10% normal rabbit
serum in 5% BSA, followed by the primary antibody either 
for 1 h (room temperature) or overnight (4°C). After blocking
endogenous peroxidase, sections were incubated with rabbit anti-
mouse immunoglobulin (1 in 50, Dako) for 1 h and then either
mouse peroxidase antiperoxidase (1 in 100, Dako) or mouse alka-
line phosphatase, anti-alkaline phosphatase (1 in 100, Dako) for
1 h. Either 3,3-diaminobenzidine (DAB, Sigma Chemical Co., St
Louis, MO, USA) forming a brown reaction product (for PCNA,
ED-1 and a-smooth muscle actin) or fast blue BB salt (Sigma)
that results in a blue reaction product (for BrdU) were used as
substrates. Sections were counterstained with either PAS or
haematoxylin. For double labelling [PCNA (fast blue) and ED-1
(DAB)], sections were stained first for PCNA, followed by a
further microwaving step to denature bound antibody [18]. 
Omission of the primary antibodies served as negative controls.
A minimum of 50 consecutive glomeruli was assessed to deter-

mine the average number of cells per glomerulus staining positive
for each animal (c/gcs). To assess semiquanititatively the accu-
mulation of a-smooth muscle actin, the following scale was used
[19] (0, no staining in the glomerulus; 1, 1–25% of glomerular tuft
involved; 2, 25–50% involved; 3, 50–75% involved; 4, >75%
involved).

Immunohistochemistry for glomerular ICAM-1 protein
Kidney tissue was fixed in periodate lysine paraformaldehyde 
for 4 h, washed in 7% sucrose solution, then frozen in liquid 
nitrogen. Mouse anti-rat ICAM-1 (1 in 400, 1A 29, R&D Systems,
Minneapolis, MN, USA) was the primary antibody used. The
immunohistochemical techniques and secondary antibody steps
used were similar to those for paraffin sections, except sections
were not microwave treated. The intensity of immunoperoxidase
staining was assessed semiquantitatively (0–3+). Sections in 
which only some glomeruli were positive were graded as 0·5 
(i.e. ±).

Northern blot analysis for MCP-1 and osteopontin mRNA
Total RNA was prepared from control and IL-10-treated rat
kidneys using the TRIzol‚ isolation reagent (GIBCO BRL, Life
Technologies, Gaithersburg, MD, USA) according to the manu-
facturer’s instructions. Following isolation, 15 mg of total RNA
from each sample was resolved on 1% agarose gels containing
0·24 M formaldehyde. RNA was transferred to Genescreen Plus
membranes (NEN Life Science Products, Boston, MA, USA),
fixed using a stratalinker (Stratagene, La Jolla, CA, USA) 
and prehybridized in a solution containing 5 ¥ SSPE, 10 ¥ 
Denhardt’s solution, 0·1% SDS, 100 mg/ml sheared herring sperm
DNA and 50% formamide. The MCP-1 insert was labelled with
a 32P-dATP (NEN Life Science) and added to fresh buffer at 
2 ¥ 106 counts/ml and filters were hybridized overnight. Filters
were washed in 2 ¥ SSPE/0·1% SDS; 42°C; 15 min, 1 ¥ SSPE/0·1%
SDS; 42°C; 15 min and 0·1 ¥ SSPE/0·1% SDS; 42°C; 15 min,
wrapped in plastic and exposed to X-ray film at –70°C. Filters
were then re-hybridized with a 1·6-kb human osteopontin 
insert (kindly provided by Dr M Gillespie, St Vincent’s Institute
of Medical Research, Melbourne, Australia), stripped and
hybridized with glyceraldehyde-3-phosphate dehydrogenase
(GAPDH). MCP-1, osteopontin and GAPDH expression were
quantified from autoradiographs. Bands were analysed by 
densitometry (Molecular Dynamics Computing Densitometer,
Model 300 A, Sunnyvale, CA, USA) using ImageQuant Software
3·0. mRNA levels for MCP-1 or osteopontin were calculated as a
ratio of the optical density units for MCP-1 or osteopontin to that
of GAPDH.

RT-PCR for IL-1b mRNA
cDNA synthesis and PCR were performed as previously
described [20]. Custom oligonucleotides were designed to detect
and amplify rat IL-1b cDNA at an annealing temperature of 
60°C (forward primer: 5¢-CTGCAGCTGGAGAGTGTGG-3¢;
reverse primer: 5¢-CATCCCATACACACGGACAACTAG-3¢ ).
The specificity of products was confirmed by Southern blot 
detection using a 32P-labelled internal oligonucleotide probe (5¢-
TGAGTCTGCACAGTTCCCCAAC-3¢ ). RT-PCR and Southern
blot detection of GAPDH cDNA was performed as previously
described using primers GAPDH-1, 4 and 5 [20]. Densitometry
values for IL-1b were normalized to GAPDH readings.

© 2002 Blackwell Science Ltd, Clinical and Experimental Immunology, 128:36–43
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RESULTS

Effects of IL-10 on glomerular histology and mesangial 
cell proliferation
Control treated rats with anti-Thy 1 GN showed glomerular
hypercellularity and mesangial cell proliferation at day 3 of
disease (Figs 1a and 2a). Total glomerular cell numbers were
increased (normal rat [no GN] 46 ± 2 c/gcs, Ctrl GN 67 ± 3 c/gcs)
and a number of cells were positive for the markers of cellular
proliferation PCNA (normal rat 0·8 ± 0·2 c/gcs, Ctrl GN 18 ±
2 c/gcs; Figs 1b and 2c) and BrdU (Ctrl GN 4·8 ± 0·4 c/gcs; Fig. 1c).
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Fig. 1. Analysis of glomerular hypercellularity and glomerular cell pro-
liferation in control and IL-10 treated rats with mesangial proliferative
GN. Dotted lines represent values for normal rats without GN. (a)
Glomerular hypercellularity was reduced in rats with GN that were given
IL-10 (IL-10 GN) compared with control treated rats (Ctrl GN). (b) The
average numbers of cells per glomerular cross-section (c/gcs) positive for
PCNA was reduced in IL-10 treated rats. (c) Cellular proliferation, as mea-
sured by the incorporation of BrdU into cells undergoing DNA synthesis,
was reduced in rats with GN that had received IL-10. *P < 0·05 versus
control rats with GN.

Administration of IL-10 diminished the severity of mesangial 
proliferative GN (Figs 1 and 2b,d). Total glomerular cell numbers
were significantly reduced by IL-10 treatment (IL-10 GN 56 ±
2 c/gcs, P = 0·02; Fig. 1a). Consistent with this observation, PCNA
+ cells (IL-10 GN 11 ± 2 c/gcs, P = 0·04; Figs 1b and 2d) and BrdU
+ cell numbers (IL-10 GN 2·9 ± 0·5 c/gcs, P = 0·03; Fig. 1c) were
decreased by IL-10 treatment, demonstrating that IL-10 inhibited
mesangial cell proliferation in this model. However, while IL-10
appeared to reduce a-smooth muscle actin expression in
glomeruli, this result did not reach statistical significance (Ctrl 
GN 1·7 ± 0·2 [score 0–4+], IL-10 GN 1·2 ± 0·2, P = 0·18; Figs 2e,f
and 3).

Effects of IL-10 on macrophage recruitment and proliferation
Rats with anti-Thy 1·1 GN developed a moderate influx of
macrophages by day 3 of disease, which was significantly inhibited
by IL-10 treatment (normal rat [no GN]: 0·8 ± 0·1 c/gcs, 
Ctrl GN 8·2 ± 0·4 c/gcs, IL-10 GN 4·5 ± 1·0, P = 0·02; Figs 2g,h and
4a). PCNA+/ED-1 + cells were observed within glomeruli of
control treated rats with GN (Ctrl GN 3·0 ± 0·2 c/gcs; Fig. 4b), 
consistent with previous reports suggesting that macrophages 
proliferate within glomeruli in this model [21]. IL-10 treatment
reduced the absolute number of proliferating macrophages within
glomeruli (PCNA+/ED-1 + cells: IL-10 GN 1·6 ± 0·4, P = 0·03; Fig.
4b). This reduction of 1·4 c/gcs PCNA + cells in IL-10 treated rats
accounts for only a small proportion of the reduction in total pro-
liferating cells (PCNA+) observed. This finding, together with the
similar proportion of macrophages found to be PCNA + in both
groups (Ctrl GN 37 ± 2% of ED1 + cells PCNA +, IL-10 GN 37
± 7% of ED1 + cells PCNA +) implies that it is unlikely that any
potential inhibition of macrophage proliferation by IL-10 plays a
significant role in the reduction of injury observed in IL-10 treated
rats.

Effects of IL-10 on IL-1b mRNA in experimental mesangial
proliferative GN
As the proinflammatory cytokine and mesangial growth factor IL-
1b has been shown to be a relevant mediator in experimental
mesangial proliferative GN [22], mRNA expression of IL-1b was
measured using RT-PCR, compared to the housekeeping gene
GAPDH. Compared with control treated rats with anti-Thy 1 GN,
IL-10 treated rats expressed lower levels of IL-1b mRNA in their
kidneys (Ctrl GN 1·00 ± 0·04, IL-10 GN 0·59 ± 0·11 [IL-
1b:GAPDH ratio, referenced to a value of 1 for Ctrl GN rats], 
P = 0·04; Fig. 5), consistent with the known effects of IL-10 on 
IL-1b and the previously published studies on the role of IL-10 in
mesangial cells in vitro [2].

Effects of IL-10 on ICAM-1, osteopontin and MCP-1 in 
anti-Thy 1 GN
ICAM-1 is important in leucocyte adhesion, is expressed by
mesangial cells [23] and its expression is up-regulated in inflam-
matory renal injury, including human mesangial proliferative GN
[24]. Glomeruli from control treated rats with mesangial pro-
liferative GN expressed ICAM-1 protein, assessed by immuno-
histochemistry and semiquantitiated by scoring of the intensity 
of immunoperoxidase staining (Fig. 6a,b). Expression was also
observed in periglomerular and interstitial areas, and in proximal
tubular cells. ICAM-1 expression was reduced by IL-10 treatment
(Ctrl GN 1·5 ± 0·1, IL-10 GN 1·0 ± 0·1 P < 0·01, Fig. 6). However,
IL-10 administration had no effect on whole kidney mRNA
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Fig. 2. Glomerular histology in control treated rats with mesangial proliferative GN (a, c, e, g) and IL-10 treated rats with GN (b, d, f, h).
Glomeruli from control rats with GN showed proliferative GN (a), the severity of which was reduced in IL-10 treated rats (b). Proliferat-
ing cells were plentiful in control rats with GN, and could be identified by immunohistochemistry for PCNA (c, brown reaction product).
The number of PCNA + cells was reduced by IL-10 treatment (d, brown reaction product). Glomerular a-smooth muscle actin expression
was not reduced significantly by IL-10 treatment (Ctrl GN, e and IL-10 GN, f). Glomerular ED1 + macrophages were reduced by IL-10
treatment (Ctrl GN, g and IL-10 GN, h, brown reaction product). Panels (a) and (b) were stained with PAS. (c–h) Immunoperoxidase with
DAB substrate and PAS counterstain in panels (c) and (d), haematoxylin counterstain in (e–h). Magnifications: a, b, g, h and e ¥ 300, 
f ¥ 350, c ¥ 500, d ¥ 600.

expression for the chemokine MCP-1 or for osteopontin, sug-
gesting that IL-10 does not affect these components of the inflam-
matory response in this model of GN. There was no significant
difference in the osteopontin/GAPDH ratios between control

GN and IL-10 treated rats with GN (Ctrl GN 0·47 ± 0·10, IL-10
GN 0·57 ± 0·17). Similarly, IL-10 did not affect MCP-1 mRNA
expression in rats with mesangial proliferative GN [for Ctrl GN
(MCP-1/GAPDH ratio) 0·11 ± 0·06, IL-10 GN 0·15 ± 0·06].
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DISCUSSION

These studies demonstrate that IL-10 inhibits mesangial cell pro-
liferation in the anti-Thy 1 model of mesangial proliferative GN.
In this well characterized and validated model, proliferation is
induced by injection of a heterologous anti-Thy 1 antiserum that
results in complement mediated lysis of mesangial cells [25]. The
current studies show that in the presence of glomerular inflam-
mation characterized by mesangial proliferation, the in vivo

effects of IL-10 are to limit this proliferation. The administration
of IL-10 beginning 2 h after the induction of disease inhibited 
proliferative GN, assessed by total glomerular cell numbers and
the expression of two separate markers of cellular proliferation,
PCNA and BrdU. Glomerular macrophage infiltration was
reduced and there were fewer proliferating macrophages in
glomeruli of IL-10 treated rats. However, the majority of cells
expressing PCNA were ED1-, shown in other studies to be mesan-
gial cells (expressing Thy 1 and a-smooth muscle actin) [26,27].
These observations, plus the fact that the reduction in proliferat-
ing macrophages observed (1·4 c/gcs) accounted for less than 20%
of the total reduction (7·5 c/gcs) in PCNA + cells in glomeruli of
IL-10 treated rats, demonstrate the inhibitory effect of IL-10 on
mesangial cell proliferation in this lesion, although additional
potential antiproliferative effects on other glomerular cell types
cannot be ruled out. Although there was a trend towards reduced
glomerular expression of a-smooth muscle actin, assessed by a
previously published semiquantitative method, there was no sta-
tistically significant difference between control treated and IL-10
treated rats. This apparent dissociation between proliferation and
a-smooth muscle actin expression has previously been observed
in this model [19].

IL-10 is produced both by macrophages [28] and by mesan-
gial cells [2,13], although its effects on the latter cell type have,
until now, been unclear. IL-10 reduced lipopolysaccharide stimu-

0

1

2

3
a-

sm
 m

m
 a

ct
in

(0
-4

+
)

Ctrl GN IL-10 GN

0

2

4

6

8

10

*

E
D

1+
 c

el
ls

(c
/g

cs
)

0

1

2

3

4

*

P
C

N
A

+/
E

D
1+

 c
el

ls
(c

/g
cs

)

Ctrl GN IL-10 GN

(a)

(b)

Fig. 3. Semiquantitative assessment of the expression of a-smooth muscle
actin in glomeruli of control and IL-10 treated rats with mesangial pro-
liferative GN, showing a trend towards reduced a-smooth muscle actin
expression in IL-10 treated rats with GN (P = 0·18)

Fig. 4. Macrophage accumulation and proliferation in glomeruli of rats
with anti-Thy 1 GN, showing (a) fewer ED1 + macrophages in glomeruli
of IL-10 treated rats with GN, and (b) a proportional reduction in the
number of proliferating (PCNA+/ED1 +) macrophages in rats treated with
IL-10. *P < 0·05 versus control rats with GN.
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Fig. 5. IL-1b mRNA expression of control treated and IL-10-treated rats
with mesangial proliferative GN. (a) Representative Southern blot analy-
sis of renal IL-1b cDNA from control rats with GN and from IL-10 treated
rats with GN. Lanes 1–6 represent cDNA from kidneys of control treated
rats with anti-Thy 1 GN and lanes 7–12 from IL-10 treated rats with GN.
(b) Reduction in IL-1b mRNA in IL-10 treated rats. Densitometry values
for IL-1b were normalized to GAPDH readings, Southern blot analysis
was performed on four occasions and the results expressed as the mean
densitometry values of these four separate experiments. Values represent
fold expression of IL-1b mRNA, with control rats with anti-Thy 1 GN
defined as having a value of 1. *P = 0·04 versus control rats with GN.
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lated IL-1b and TNF-a release [2] and reduced IL-1b stimulated
rat mesangial cell proliferation and ICAM-1 expression [12]. 
In contrast to these reports of antiproliferative and anti-
inflammatory effects of IL-10 on mesangial cells, Chadban et al.
found that exogenous IL-10 increased IFN-g induced ICAM-1
expression in vitro [16] and stimulated mesangial cell prolifera-
tion [13]. Our in vivo studies of the effects of exogenous IL-10 
in experimental mesangial proliferative GN support an anti-
inflammatory and antiproliferative role for IL-10 in pathological
mesangial cell proliferation.

a

b

c

Glomerular
ICAM-1
(0-3+)

2

1

Fig. 6. Glomerular ICAM-1 protein expression in control and IL-10
treated rats with GN. The mean intensity of ICAM-1 expression is reduced
in glomeruli of IL-10 treated rats (a). (b) ICAM-1 expression in control
treated rats with GN, with reduced expression in IL-10 treated rats (c).
Immunoperoxidase with DAB substrate and haematoxylin counterstain,
magnification ¥ 300. **P < 0·01 versus control rats with GN.

IL-10 has been demonstrated in human GN [14] and in animal
models of GN [15]. In an observational study of the anti-Thy 1
model of mesangial proliferative GN, IL-10 was present in pro-
liferative lesions at day 6 [29]. While the current experiments do
not directly address the effects of endogenous IL-10 on mesan-
gial cells, they imply that the IL-10 found in this lesion is part of
a counter-regulatory response to glomerular injury, as is the case
in a murine model of crescentic GN [8].

The role of IL-10 has now been studied in a several models
of GN. In some of these models the nature of the cognate (adap-
tive) immune response is an important determining factor in the
degree of injury observed. In murine crescentic GN initiated by
a planted antigen, IL-10 suppresses Th1 nephritogenic immune
responses [30], and when given with IL-4 after the initiation of
injury inhibits the effector arms of the immune response (CD4+

cells and macrophages) [6]. Endogenous IL-10 regulates Th1
responses and does not promote humoral injury in a similar model
[8]. In contrast, IL-10 in murine lupus promotes humoral autoim-
mune renal injury and may in fact be important in the develop-
ment of systemic autoimmunity that is the hallmark of this model
[31]. IL-10 administration inhibited injury in passive anti-GBM
GN [7]. In this model injury is uncoupled from cognate immune
responses, despite the presence of macrophages, as disease is
induced by passive administration of (autologous) rat anti-sheep
globulin to rats given a subnephritogenic dose of sheep anti-rat
GN.

In the anti-Thy 1 model, injury is initiated by heterologous
antibody-induced, complement-mediated lysis of mesangial cells
[25], with an additional role for bone marrow-derived elements,
including platelets [32,33]. The results of this study are broadly in
concordance with those in the passive anti-GBM GN model,
although effects in that model were more profound [7]. Whether
this reflects differences in the relative intensity of stimulus applied
in the two models, differences in the timing of the initiation of IL-
10 administration or differences in the magnitude of effects on
mesangial cells compared to macrophages is not clear.

IL-10 clearly has antiproliferative effects on mesangial cells in
this model. It is not clear to what extent these effects are due to
direct anti-inflammatory and antiproliferative effects of IL-10 on
mesangial cells, and to what extent the observed effects were due
to effects mediated by macrophages. However, in vitro studies
suggest that the down-modulatory effect of IL-10 on IL-1b, that
can itself be produced by mesangial cells [2,22] and exert prolif-
erative effects on mesangial cells [34], is likely to be relevant to
the beneficial effects of IL-10 that were observed in these studies.
The reduction in IL-1b assessed by RT-PCR could have been
demonstrated more definitively by real time PCR, but is likely 
to be a real reduction, as it is consistent with previous effects of
IL-10 in renal disease [2,7]. IL-1b is produced by macrophages,
and ICAM-1 assists in macrophage recruitment. Both IL-1b and
ICAM-1 were reduced by IL-10 in this study. While there is some
evidence that macrophages play a role in this lesion [35], a defini-
tive role for macrophages in this model remains to be established.
As IL-10 has anti-inflammatory effects on both macrophages and
on activated mesangial cells in culture, the inhibition of prolifer-
ation in this study is likely to reflect both direct and indirect (via
macrophages) effects of IL-10.

The current studies examine the role of IL-10 in the glomeru-
lar response to injury by dissociating the effects of IL-10 from its
role in the induction of and maintenance of the nephritogenic
immune response. The model of mesangial proliferative GN used
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in these studies is not mediated by or characterized by the depo-
sition of IgA in glomeruli. However, IL-10 has been shown to be
protective in an IgA mediated model of pulmonary injury [5]. IgA
nephropathy is the commonest from of mesangial proliferative
GN in humans and IL-10 appears to synergize with TGF-b in
inducing IgA synthesis [36]. Therefore, while IL-10 is likely to
diminish glomerular injury in mesangial proliferative GN both by
inhibition of macrophage function and by direct antiproliferative
effects on mesangial cells, it is possible that these beneficial effects
of systemically administered IL-10 could be nullified by enhanced
IgA secretion and consequent deposition in glomeruli. In addi-
tion to effects on the systemic immune responses in mesangial
proliferative GN, IL-10 may have effects on the resolution of
injury in this model that have not thus far been studied.

In summary, these studies demonstrate that in experimental
mesangial proliferative GN, systemic administration of IL-10
limits mesangial cell proliferation, at least in part by down-
regulating proinflammatory cytokines such as IL-1b and by effects
on ICAM-1. IL-10 is likely to have both direct and indirect (via
macrophages) effects on mesangial cell proliferation.
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