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Summary

The transcription factor Friend leukaemia virus integration 1 (Fli-1) is
implicated in the pathogenesis of systemic lupus erythematosus in both
human patients and murine models of lupus. Murphy Roths large (MRL)/lpr
mice and New Zealand mixed (NZM)2410 mice, murine models of lupus,
with decreased expression of Fli-1 had significantly prolonged survival and
reduced nephritis. Lupus nephritis is a major cause of mortality and morbid-
ity in patients, and inflammatory cell infiltration plays a key role in the
development of the disease. To study how the expression of Fli-1 affects the
infiltration of inflammatory cells into the kidneys, we generated congenic
enhanced green fluorescent protein (GFP) transgenic MRL/lpr mice. A sig-
nificantly increased number of GFP-expressing inflammatory cells infiltrated
the kidneys of wild-type MRL/lpr mice compared to Fli-1 heterozygous (Fli-
1+/−) MRL/lpr mice after injection of GFP+ cells. Expression of inflammatory
chemokine mRNA, including chemokine (C-C motif) ligand (CCL)2, CCL3,
CCL4 and CCL5, was significantly lower in the kidneys from Fli-1+/− MRL/lpr
mice compared to wild-type littermates. Numbers of infiltrated cells into the
kidneys correlate with expression levels of CCL2, CCL4 and CCL5, but not
the titres of anti-dsDNA autoantibodies in these mice. Significantly increased
inflammatory cells from wild-type MRL/lpr mice infiltrated into kidneys
compared to the cells from Fli-1+/− MRL/lpr mice. The chemotaxis of inflam-
matory cells from Fli-1+/− MRL/lpr mice towards each chemokine was
decreased significantly compared to inflammatory cells from wild-type MRL/
lpr mice in the transwell migration assay in vitro. Our results indicate that
Fli-1 affects lupus nephritis development by regulating the expression of
chemokines in the kidney and the migration of inflammatory cells.
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Introduction

Systemic lupus erythematosus (SLE) is a chronic autoim-
mune disease that causes inflammation in multiple organs,
including the kidney [1–3]. Lupus nephritis is a major cause
of mortality in patients with SLE, and approximately 60%
of lupus patients will develop clinically relevant nephritis at
some time during the course of their disease [1,2]. Lupus
nephritis is characterized by variable degrees of glomerular
and tubulointerstitial inflammation with increased infil-
trated mononuclear cells (T cells, B cells, monocytes and
macrophages [4, 5]). The infiltration of inflammatory cells
into the kidney plays a critical role in lupus nephritis pro-

gression [4–7]. Many reports have demonstrated that the
infiltration of inflammatory cells and the degree of intersti-
tial inflammation correlates with the severity of renal injury
[4–7].

Proinflammatory cytokines and chemokines have been
shown to play a critical role in the infiltration of inflamma-
tory cells into the kidneys and the development of glomeru-
lonephritis [8]. Previous studies have demonstrated that
inflammatory chemokines contribute to the initiation or
maintenance of immune cell infiltration, persistent inflam-
mation and tissue damage in lupus nephritis [9–11].
Chemokine expression and chemotaxis of inflammatory
cells are both important in the development of lupus
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nephritis [8]. For example, chemokine (C-C motif) ligand 2
(CCL2)-deficient Murphy Roths large (MRL)/MpJ-Faslpr
(MRL/lpr) mice, have dramatically reduced macrophage
and T cell infiltration in the kidney, decreased proteinuria,
limited renal disease and significantly prolonged survival
[12]. Previous studies have demonstrated that following
immune complex deposition and before inflammatory cell
infiltration, proinflammatory cytokine and chemokine pro-
duction was up-regulated in the kidneys in murine models
of SLE [11].

Friend leukaemia virus integration 1 (Fli-1) is a member
of the Ets family of transcription factors [13,14]. Members
of the Ets gene family are found in the genomes of diverse
organisms such as Drosophila, Xenopus, sea urchin, chicken,
mouse and human [15–17]. Ets proteins bind to DNA
sequences that contain a consensus GGA(A/T) core motif
(Ets-binding site) and function as either transcriptional
activators or repressors [16–18]. Ets proteins regulate the
expression of genes critical for the control of cellular prolif-
eration, differentiation and apoptosis. Fli-1 has a conserved
Ets binding domain and is expressed in endothelial cells,
fibroblasts and haematopoietic lineages, including T and B
cells [13,14,17,18]. Fli-1 is also expressed in the glomerulus,
small artery and capillaries in the kidney [19]. Targeted,
constitutive disruption of the Fli-1 gene results in haemor-
rhage of the neural tube and causes embryotic death due, in
part, to thrombocytopenia [20]. Expression of Fli-1 is
implicated in both human SLE patients and murine models
of lupus [21,22]. SLE patients with active disease have
elevated expression of Fli-1 mRNA in peripheral blood lym-
phocytes compared to healthy controls, and overall Fli-1
expression parallels disease activity measures [21]. Over-
expression of the Fli-1 protein in transgenic mice with a
normal background resulted in the development of a lupus-
like disease [22]. We have reported that in murine models of
lupus, including both MRL/lpr mice and New Zealand
mixed (NZM)2410 mice with decreased expression of Fli-1,
the mice demonstrate significantly prolonged survival and
reduced lupus nephritis with markedly reduced infiltration
of inflammatory cells into the kidneys [23,24]. To further
define the role of Fli-1 on lupus nephritis development, we
generated congenic green fluorescent protein (GFP) trans-
genic MRL/lpr mice. In this study, we found that signifi-
cantly increased inflammatory cells infiltrated the kidneys
of wild-type MRL/lpr mice compared to Fli-1 heterozygous
(Fli-1+/−) littermates; the infiltration correlates with the
expression of inflammatory chemokines in kidneys, but not
anti-dsDNA autoantibodies. The expression of inflamma-
tory chemokines in kidneys of Fli-1+/− MRL/lpr mice was
significantly lower compared to wild-type littermates. Fur-
thermore, we demonstrated that expression of Fli-1 in
inflammatory cells affects chemotaxis towards inflamma-
tory chemokines in vitro. We have demonstrated previously
that Fli-1 directly regulates the expression of the inflamma-
tory chemokine CCL2 [25]. Taken together, our results

show that Fli-1 affects lupus nephritis disease development
both by regulating chemokines and cytokines in the kidney
and by promoting inflammatory cell migration.

Materials and methods

Mice

MRL/lpr mice were purchased from The Jackson Labora-
tory (Bar Harbor, ME, USA). Fli-1+/− MRL/lpr mice were
generated by back-crossing with Fli-1+/− C57BL/6 mice for
more than 12 generations, as reported previously [23]. To
generate congenic GFP transgenic MRL/lpr mice, MRL/lpr
mice were back-crossed with transgenic enhanced GFP
C57BL/6 mice for 12 generations [26]. All mice were
housed under pathogen-free conditions at the animal facil-
ity of the Ralph H. Johnson Veterans Affairs Medical Center,
and all animal experiments were approved by the Institu-
tional Animal Care and Use Committee.

Genotyping the mice by polymerase chain
reaction (PCR)

To genotype the mice, PCR was used to detect fragments of
the wild-type Fli-1 and Fli-1+/− allele, as described previ-
ously [23]. The PCR primers used were as follows: Fli-1
exon IX/forward primer (positions 1156–1180), GAC
CAACGGGGAGTTCAAAATGACG; Fli-1 exon IX/reverse
primer (positions 1441–1465), GGAGGATGGGTGAGACG
GGACAAAG; and Pol II/reverse primer, GGAAGTAGC
CGTTATTAGTGGAGAGG. DNA was isolated from tail
snips (4-week old mice) using the QIAamp Tissue Kit
(Qiagen, Valencia, CA, USA). PCR analyses were performed
under the following conditions: one cycle at 95°C for 5 min,
followed by 36 repeating cycles at 94°C for 1 min, 60°C for
1 min, and 72°C for 1 min followed by 72°C for 7 min. A
309-base pairs (bp) fragment indicates the presence of the
wild-type allele, and a 406-bp fragment is amplified from
the mutant allele.

Measurement of anti-dsDNA autoantibodies

Anti-dsDNA antibodies were measured by enzyme-linked
immunosorbent assay (ELISA), as described previously [23].

Adoptive transfer of GFP+ spleen cells from GFP+

MRL/lpr mice

Twenty-two to 24-month-old GFP+ MRL/lpr mice with
active disease were killed and spleens were collected to make
single-cell suspensions. Spleen cells collected from these
mice were injected intravenously (into the tail vein) to a
group of wild-type or Fli-1+/− MRL/lpr littermates at the age
of 18–24 weeks with a dose of 1 million cells/per mouse.
The mice were killed and sera and kidneys were collected for

Fli-1 regulates inflammatory cell infiltration

103© 2014 British Society for Immunology, Clinical and Experimental Immunology, 177: 102–109



measurement of anti-dsDNA autoantibody titre and analysis
of infiltrated GFP+ cells in kidneys 18 h after injection.

Immunohistochemistry

Sections (5 μM) cut from frozen kidneys were used for
counting GFP+ cells and immunofluorescence staining. For
immunofluorescence staining, sections were blocked in
phosphate-buffered saline (PBS) with 10% normal rat serum
and incubated with biotin-labelled antibodies against CD3,
CD19 or CD11b for 1 h (BD Biosciences, San Jose, CA, USA).
The sections were stained with R-phycoerythrin (PE)-
labelled streptavidin (BD Biosciences). GFP+, CD3+, CD19+ or
CD11b+ cells in kidneys were counted by randomly selecting
10 glomeruli and tubules per section in a blinded fashion and
analysed with a Nikon Eclipse 80i microscope equipped with
a digital camera.

Measurement of chemokine expression in the kidneys
by real-time PCR

Total RNA was prepared from kidneys taken from wild-type
MRL/lpr mice and Fli-1+/− littermates using Trizol reagent,
according to the manufacturer’s instructions (Invitrogen,
Carlsbad, CA, USA). Two μg of RNA was used to synthesize
cDNA using the SuperScript First-Strand Synthesis System
(Invitrogen). Real-time PCR was performed in triplicate
using Platinum SYBR Green quantitative PCR (qPCR)
SuperMix UDG (Bio-Rad, Hercules, CA, USA) according
to the manufacturer’s instructions, with three indepen-
dent RNA preparations. Primers for CCL2, CCL3, CCL4,
CCL5 and the housekeeping gene glyceraldehyde 3-
phosphate dehydrogenase (GAPDH) were purchased from
SABiosciences (Qiagen), and the cycling conditions for all
genes followed instructions from the company. Relative
expression analysis was conducted using the program pro-
vided by SABiosciences.

In-vitro cell migration assays

To investigate whether reduced expression of Fli-1 in inflam-
matory cells influences their chemotaxis towards each
chemokine in immune cells in vitro, we performed cell
migration assays with spleen cells from wild-type and Fli-1+/−

MRL/lpr mice using 24-well Transwell plates, as described
previously [27]. In brief, spleens were collected to make
single-cell suspensions and resuspended into prewarmed
migration medium (RPMI-1640, 20 mM Hepes, 1% bovine
serum albumin). One million cells were added to the upper
chamber and the lower chamber contained prewarmed
migration medium with or without 500 ng/ml of the indi-
cated recombinant mouse chemokine (R&D Systems, Minne-
apolis, MN, USA). The cells that migrated into the lower
chamber were collected 3 h later and the total cell number
was counted using a haemocytometer. Fold change was cal-

culated as (immune cells moved to the lower chamber
towards each chemokine/immune cells moved without
chemokine) and compared between the two groups.

Measurement of chemokine receptor expression

To measure the expression of the chemokine receptors CCR2
and CCR5 on inflammatory cells, single-cell suspensions
were prepared from a group of wild-type MRL/lpr mice and
Fli-1+/− littermates at the age of 22–24 weeks. The cells were
stained with fluorochrome-conjugated anti-CCR2 or CCR5
antibodies (BD Pharmingen, San Diego, CA, USA). The per-
centage and mean florescence intensity (MFI) of positive cells
were measured by flow cytometry and calculated and com-
pared between wild-type and Fli-1+/− MRL/lpr mice.

Statistical analysis

An unpaired Student’s t-test was used to determine signifi-
cant differences between the means of two groups. A statis-
tical power calculation was also performed and the number
indicated in the results only when the power was less than
80% in order to detect a significant difference [with signifi-
cance level (alpha = 0·05)]. Bivariate correlations between
variables were determined using Pearson’s correlation. A
P-value < 0·05 was considered to be statistically significant.

Results

Kidneys from wild-type MRL/lpr mice attract a
significantly increased number of inflammatory cells
compared to those from Fli-1+/− MRL/lpr mice

To investigate the mechanisms behind how Fli-1 affects the
infiltration of inflammatory cells into the kidney during
lupus nephritis disease development, we generated congenic
transgenic GFP MRL/lpr mice by back-crossing MRL/lpr
mice with GFP transgenic B6 mice for 12 generations. GFP
transgenic wild-type MRL/lpr mice were killed at the age of
22–24 weeks, and spleen cells were collected as inflamma-
tory cells. Eleven wild-type MRL/lpr mice and six of their
Fli-1+/− MRL/lpr littermates were injected intravenously
with 1 million spleen cells from wild-type MRL/lpr mice.
The mice were killed 18 h later, their kidneys collected, and
frozen sections were made from the kidneys. The GFP+ cells
were counted from 10 random sections by a fluorescent
microscope. As shown in Figs 1 and 2, there were signifi-
cantly more GFP+ cells in the kidneys from wild-type MRL/
lpr mice compared to Fli-1+/− littermates. The immune cell
infiltration was observed mainly around the small artery,
vein and capillaries in the kidney interstitium (Fig. 2, and
data not shown). The frozen sections were stained with spe-
cific antibodies to CD3, CD19 or CD11b and PE-labelled
avidin. As shown in Fig. 1, all CD3+, CD11b+ and CD19+

cells were significantly higher in kidneys from wild-type
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MRL/lpr mice compared to Fli-1+/− littermates. To investi-
gate if the expression of Fli-1 in inflammatory cells affects
the infiltration of inflammatory cells, we collected GFP+

spleen cells from GFP Fli-1+/− MRL/lpr mice at the age of
22–24 weeks. Five wild-type MRL/lpr mice and five of their
Fli-1+/− littermates were injected intravenously with cells
from GFP+ Fli-1+/− MRL/lpr mice at a dose of 1 million cells/
per mouse. The GFP+, CD3+, CD11b+ and CD19+ inflamma-
tory cells were counted as described above. As shown in
Fig. 1, the kidneys from wild-type MRL/lpr mice had

increased numbers of GFP+, CD3+, CD11b+ and CD19+ cells
compared to Fli-1+/− littermates, although the difference was
not statistically significant, due probably to the small
number of mice used; a statistical power calculation showed
that we only have 52·6% power to detect a significant differ-
ence [with significance level (alpha = 0·05)]. When the infil-
trated inflammatory cells in kidneys from wild-type MRL/
lpr mice were compared between mice that received GFP+

cells from wild-type mice and mice that received GFP+ cells
from Fli-1+/− mice, the number of infiltrated cells was
increased significantly in mice that received GFP+ cells from
wild-type mice (Fig. 1).

Kidneys from Fli-1+/− MRL/lpr mice had significantly
decreased expression of inflammatory chemokines

Because inflammatory chemokines have a critical role in
attracting inflammatory cells, we measured the expression of
key chemokines in kidneys from both wild-type MRL/lpr
mice and Fli-1+/− littermates by reverse transcription–
polymerase chain reaction (RT–PCR). Mice were killed and
RNA was extracted from kidneys after the infiltration experi-
ments were performed. As shown in Fig. 3, the expression of
all inflammatory chemokines measured, including CCL2,
CCL3, CCL4 and CCL5, was decreased significantly in the
kidneys from Fli-1+/− MRL/lpr mice compared to the wild-
type littermates. To eliminate the possibility that a higher
number of infiltrated GFP+ cells in kidneys from wild-type
MRL/lpr mice would influence the results, we compared the
chemokine expression levels in kidneys from wild-type and
Fli-1+/− MRL/lpr mice without the injection of GFP+ cells. All
four chemokines are expressed significantly higher in kidneys
from wild-type MRL/lpr mice (data not shown).

The number of infiltrating inflammatory cells is
associated with expression levels of chemokines in the
kidneys, but not anti-dsDNA autoantibody titres of
the mice

The immune complex formed with autoantibodies is
known to play a role in the development of lupus nephritis.
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Fig. 1. Increased green fluorescent protein (GFP+) inflammatory cells

infiltrated into kidneys in wild-type Murphy Roths large (MRL)/lpr

mice compared to Friend leukaemia virus integration 1 (Fli-1+/−)

littermates; 18–24-week-old wild-type and Fli-1+/− MRL/lpr mice were

injected intravenously (i.v.) with 1 million spleen cells collected from

GFP+ wild-type MRL/lpr mice (wild-type MRL/lpr mice, black bar,

n = 11; Fli-1+/− MRL/lpr mice, white bar, n = 6), or were injected i.v.

with 1 million spleen cells from GFP+ Fli-1+/− MRL/lpr mice (wild-type

MRL/lpr mice, diagonal-lined bar, n = 5; Fli-1+/− MRL/lpr mice,

straight-lined bar, n = 5). The mice were killed and kidneys were

collected and analysed for infiltrated GFP+ cells 18 h after injection.

CD3+, CD19+ or CD11b+ cells were stained with specific antibodies

and counted in 10 randomly selected high-power fields (HPF) and the

data presented are the mean number/per mouse/per 10

HPF ± standard error (s.e.). A single asterisk indicates P < 0·05.
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Fig. 2. Representative sections of kidney from wild-type and Friend leukaemia virus integration 1 (Fli-1+/−) mice with infiltrating increased green

fluorescent protein (GFP+) inflammatory cells. Kidney sections from wild-type Murphy Roths large (MRL)/lpr mice with green fluorescence showing

GFP+ cells (a), with red fluorescence showing CD3+ cells after staining with anti-CD3 antibody (b) or merged image (c). Red arrows indicate GFP+

only cells, yellow arrows indicate GFP+ and CD3+ cells.). Kidney sections from Fli-1+/− MRL/lpr mice with green fluorescence showing few GFP+

infiltrating cells (d).
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Serum anti-dsDNA autoantibody titres were measured
when the inflammatory infiltration in-vivo experiments
were performed. As shown in Fig. 4, anti-dsDNA
autoantibodies titres were lower in sera from Fli-1+/− MRL/
lpr mice compared to wild-type controls at dilutions of
1:100–1:800, although the difference was not statistically
significant. When the association of the number of infil-
trated cells with the expression levels of the chemokines
tested was determined, we found that the number of
inflammatory cells that infiltrated the kidney was correlated
statistically with the expression level of CCL2, CCL4 or
CCL5 (Fig. 5). The association between the number of
inflammatory cells infiltrating the kidney and the expres-
sion of CCL3 was close, although not statistically signifi-
cant. However, the numbers of inflammatory cells in these

mice that infiltrated into the kidney were not correlated
with anti-dsDNA antibody titres.

Chemotaxis of inflammatory cells from Fli-1+/−

MRL/lpr mice was impaired significantly in vitro

Compared to inflammatory cells from wild-type MRL/lpr
mice, significantly reduced numbers of inflammatory cells
from Fli-1+/− MRL/lpr mice infiltrated the kidneys (Fig. 1).
Next, we measured the migration rates of the inflammatory
cells from wild-type and Fli-1+/− MRL/lpr mice to
chemokines in vitro using a Transwell migration assay. Fold
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change in migration for each chemokine was calculated as
the total migrated cells in the lower chamber that contained
the chemokine/total cells in the lower chamber without
chemokine. As shown in Fig. 6, the migration of inflamma-
tory cells from Fli-1+/− MRL/lpr mice towards each
chemokine (CCL2, 3, 4 and 5) was decreased significantly
compared to the migration in wild-type mice.

Expression of CCR2 and CCR5 on inflammatory cells
from Fli-1+/− MRL/lpr mice was similar compared to
wild-type mice

To determine if the reduced chemotaxis of inflammatory
cells from Fli-1+/− MRL/lpr mice is duo to the altered expres-
sion of chemokine receptors, we measured the expression of
CCR2 and CCR5 on spleen cells from Fli-1+/− and wild-type
controls by flow cytometry. The percentages of CCR2+ cells
were higher in spleen cells from Fli-1+/− MRL/lpr mice,
although the differences were not statistically significant

except for CD3+ cells (Table 1). Conversely, percentages of
CCR5+ cells were higher in spleen cells from wild-type
MRL/lpr mice, although the differences were not statistically
significant (Table 1). The MFI of CCR2 and CCR5 between
spleen cells from wild-type and Fli-1+/− MRL/lpr mice were
not statistically different.

Discussion

Infiltration of inflammatory cells into the kidneys plays a
critical role in lupus nephritis disease development. The
expression of the transcription factor Fli-1 has been impli-
cated in SLE development in both human patients and
murine models of lupus [21–24]. MRL/lpr and NZM2410
mice with reduced expression of Fli-1 exhibited signifi-
cantly reduced nephritis and prolonged survival [23,24]. In
this report, using inflammatory cells from congenic GFP
transgenic MRL/lpr mice, we have demonstrated signifi-
cantly decreased infiltration of inflammatory cells into
kidneys in Fli-1+/− MRL/lpr mice compared to wild-type
littermates and that inflammatory cell infiltration is corre-
lated closely with the expression of inflammatory
chemokines located in the kidneys, but is not associated
with anti-dsDNA autoantibody titres.

The effects of chemokines in inflammatory cell infiltra-
tion have been demonstrated in CCL2-deficient MRL/lpr
mice [12]. These mice had significantly reduced inflamma-
tory cell infiltration into the kidneys, decreased proteinuria
and prolonged survival compared to wild-type controls
[12]. Perez De Lema et al. have reported that proinflam-
matory chemokines are up-regulated prior to inflammatory
cell infiltration during the initiation of lupus nephritis in a
lupus mouse model [11]. By generating enhanced GFP
transgenic MRL/lpr mice, we were able to easily track the
infiltrated inflammatory cells into kidneys during the devel-
opment of lupus nephritis disease. We have found that the
expression of all four inflammatory chemokines tested,
including CCL2, CCL3, CCL4 and CCL5, in kidneys from
Fli-1+/− MRL/lpr mice was significantly lower compared to
wild-type littermate controls when GFP+ inflammatory cells
were injected. The number of infiltrated cells was correlated
statistically with the expression of these inflammatory

F
ol

d 
ch

an
ge

0

1

2

CCL2

** * *

CCL3 CCL4 CCL5

Fli-1+/–

Wild-type

Fig. 6. Chemotaxis of inflammatory cells from Friend leukaemia virus

integration 1 (Fli-1+/− Murphy Roths large (MRL)/lpr mice was

decreased significantly in vitro. One million spleen cells from

wild-type or Fli-1+/−) MRL/lpr mice were placed into the upper

chamber of 24-well Transwell plates. The lower chamber contained

prewarmed medium with or without 500 ng/ml of the indicated

recombinant mouse chemokine (wild-type MRL/lpr mice, n = 6;

Fli-1+/− MRL/lpr mice, n = 4). The cells that migrated into the lower

chamber were collected after 3 h and the total cell number was

counted. The fold change was calculated as the number of cells that

moved to lower chamber towards each chemokine/cells moved

without chemokine. A single asterisk indicates P < 0·05.

Table 1. Comparison of expression of chemokine receptor (CCR) type 2 and CCR5 on spleen cells between wild-type and Friend leukaemia virus

integration 1 (Fli-1+/−) Murphy Roths large (MRL)/lpr mice†.

CCR2 CCR5

CD3+* CD19+ CD11b+ CD3+ CD19+ CD11b+

Percentage positive cells Wild-type 3·98 ± 0·96‡ 42·82 ± 11·54 31·41 ± 7·65 3·39 ± 0·97 0·70 ± 0·18 2·83 ± 0·56

Fli-1+/− 7·63 ± 0·83 59·91 ± 10·93 43·50 ± 6·84 2·01 ± 1·40 0·41 ± 0·16 1·70 ± 0·16

Mean fluorescence intensity Wild-type 118·6 ± 17·3§ 117·0 ± 17·5 163·4 ± 14·8 103·5 ± 19·9 41·1 ± 4·1 154·8 ± 26·4

Fli-1+/− 114·2 ± 5·3 90·7 ± 4·8 140·5 ± 9·4 71·4 ± 25·0 40·1 ± 3·7 115·0 ± 11·6

*Indicates P < 0·05. †Mice were killed at the age of 24 weeks (n = 8 in each group). The cells were stained with fluorochrome-conjugated anti-

CCR2 or CCR5 antibodies as well as CD3, CD19 or CD11b antibody and measured by flow cytometry. ‡Percentage positive cells ± standard error

(s.e.). §Mean florescence intensity ± s.e.

Fli-1 regulates inflammatory cell infiltration

107© 2014 British Society for Immunology, Clinical and Experimental Immunology, 177: 102–109



chemokines in kidneys. We have reported that Fli-1 binds
directly to the promoter of CCL2, and endothelial cells iso-
lated from kidneys of Fli-1+/− NZM2410 mice had signifi-
cantly lower production of CCL2 compared to wild-type
NZM2410 mice [25]. We have further demonstrated that
CCL2 promoter activity was increased significantly by Fli-1
in a dose-dependent manner when transfected into
NIH3T3 cells (Lennard Richard et al., unpublished data).
CCL5 is an important chemokine in recruiting leucocytes to
inflammatory sites [10,11,28]. We found endothelial cells
transfected with specific Fli-1 siRNA produced significantly
less CCL5 in the supernatants compared to cells trans-
fected with non-specific siRNA after stimulation with
lipopolysaccharides (LPS), Fli-1 directly binds to the pro-
moter of CCL5 by chromatin immunoprecipitation (ChIP)
assay and CCL5 promoter activity was increased by Fli-1 in
a dose-dependent manner (Lennard Richard et al., unpub-
lished data). Thus, the lower expression of CCL2 and CCL5
in kidneys from Fli-1+/− MRL/lpr mice is probably due, in
part, to decreased Fli-1 expression. We do not know if Fli-1
regulates the expression of CCL3 and CCL4 at this time.

In human lupus patients, elevated expressions of
chemokines including CCL2, CCL3 and CCL5 have been
reported, and this increase is associated with disease activity
and clinical manifestations of SLE [29,30]. The expressions
of CCL3 in kidneys from lupus patients were correlated
with the cellular crescents and the number of CD68-
positive (macrophage marker) infiltration cells [30]. Liu
et al. also reported that expressions of CCL2, CCL3 and
CCL4 in kidneys from lupus patients were correlated
strongly with infiltrating macrophages [31].

In this study,we found that the number of infiltrated
inflammatory cells does not correlate with anti-dsDNA
autoantibody titres in the MRL/lpr mice. Fli-1+/− MRL/lpr
mice had significantly reduced inflammatory cells in kidneys
with measurable autoantibody titres (Figs 1 and 4). It is well
known that end-stage organ damage in SLE is caused by
aberrant autoantibodies that are locally deposited in the form
of immune complexes leading to progressive inflammation
and tissue destruction [1–3]. In our previous studies, we have
demonstrated that Fli-1+/− MRL/lpr and NZM2410 mice had
significantly reduced renal disease despite the fact that
autoantibodies were still generated and the deposit of
immune complexes occurred in the kidneys of these mice
[23,24]. Another study showed that NZM2410 mice with
oestrogen receptor disruption had significantly reduced renal
pathology, in spite of increased autoantibody titres compared
to wild-type littermates [32]. Several reports have demon-
strated that some lupus patients did not develop renal injury
even with persistent, high serum titres of immunoglobulin
(Ig)G anti-dsDNA antibodies, and in most lupus patients the
autoantibodies can be detected several years before clinical
illness [33,34]. Thus, these results indicate that the local
response in the kidney to stimulation also plays an important
role in the development of lupus nephritis.

Compared to the number of inflammatory cells isolated
from wild-type MRL/lpr mice, significantly fewer inflam-
matory cells isolated from Fli-1+/− MRL/lpr mice infiltrated
the kidneys (Fig. 1). Inflammatory cells from Fli-1+/− MRL/
lpr mice also had significantly decreased chemotaxis
towards CCL2, CCL3, CCL4 and CCL5 in vitro compared to
cells from wild-type MRL/lpr mice (Fig. 6). It has been
reported that the expression of chemokine receptors affects
chemotaxis and lupus nephritis development. Perez-De
Lema et al. reported that CCR2-deficient MRL/lpr had
decreased renal lesions, proteinuria and prolonged survival
with decreased T cell and macrophage infiltration into the
kidney [35]. On the contrary, CCR5-deficient MRL/lpr mice
showed aggressive renal disease with increased mononu-
clear cell infiltration into the kidney due to decreased
consumption of their ligands [36]. We found that the
expression levels of CCR2 and CCR5 between inflammatory
cells from wild-type and Fli-1+/− MRL/lpr mice were not
altered significantly. A recent report demonstrated that Fli-1
directly regulates expression of neuraminidase 1 in T cells;
expression of neuraminidase 1 was lower in T cells from Fli-
1+/− MRL/lpr mice compared to those from wild-type MRL/
lpr mice [37]. Glycosphingolipids have been shown to be
involved in cellular signalling, metabolism and migration
[38]. Thus, Fli-1 may affect chemotaxis partly by regulating
the expression of neuraminidase 1. The mechanisms behind
how the expression level of Fli-1 in inflammatory cells can
alter their chemotaxis towards chemokines is still under
active investigation.

In summary, reduced Fli-1 expression affects inflamma-
tory cell infiltration into the kidney by moderating inflam-
matory chemokine expression in local kidneys and the
chemotaxis of inflammatory cells. Our studies provide new
understanding and insights into how the transcription factor
Fli-1 impacts lupus nephritis disease development, which will
help to develop novel treatments for lupus nephritis.
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