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Summary

Interleukin (IL)-17A is increased both in serum and in kidney biopsies from
patients with lupus nephritis, but direct evidence of pathogenicity is less well
established. Administration of pristane to genetically intact mice results in
of Medicine, Monash University, "Departments of the production of autoantibodies and proliferative glomerulonephritis,
Nephrology and SPaediatric Nephrology, Monash resembling human lupus nephritis. These studies sought to define the role of
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IL-17A in experimental lupus induced by pristane administration. Pristane
was administered to wild-type (WT) and IL-17A™" mice. Local and systemic
Hamburg-Eppendorf, Hamburg, Germany immune responses were assessed after 6 days and 8 weeks, and autoimmun-
ity, glomerular inflammation and renal injury were measured at 7 months.
IL-17A production increased significantly 6 days after pristane injection,
with innate immune cells, neutrophils (Ly6G*) and macrophages (F4/80%)
being the predominant source of IL-17A. After 8 weeks, while systemic
IL-17A was still readily detected in WT mice, the levels of proinflammatory
cytokines, interferon (IFN)-y and tumour necrosis factor (TNF) were dimin-
ished in the absence of endogenous IL-17A. Seven months after pristane
treatment humoral autoimmunity was diminished in the absence of IL-17A,
with decreased levels of immunoglobulin (Ig)G and anti-dsDNA antibodies.
Renal inflammation and injury was less in the absence of IL-17A. Compared
to WT mice, glomerular IgG, complement deposition, glomerular CD4" T
cells and intrarenal expression of T helper type 1 (Thl)-associated
proinflammatory mediators were decreased in IL-17A™" mice. WT mice
developed progressive proteinuria, but functional and histological renal
injury was attenuated in the absence of IL-17A. Therefore, IL-17A is required
for the full development of autoimmunity and lupus nephritis in experimen-
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tal SLE, and early in the development of autoimmunity, innate immune cells
produce IL-17A.
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mentally [3] and clinically [4]. More recently it has been

Introduction . . . R
recognized that dysregulated innate immunity is important

Systemic lupus erythematosus (SLE) is an important auto-
immune disease. While SLE has the propensity to involve
multiple organs, kidney and central nervous system involve-
ment are associated independently with increased mortality
[1]. The production of characteristic autoantibodies is a
hallmark of disease, and these autoantibodies induce
immune complex deposition and organ injury [2]. Cellular
immunity is also involved, and for many years T cells have
been implicated in the development of SLE both experi-

in the induction of inflammatory responses and the subse-
quent development of autoimmunity with organ injury [5].

The pathogenesis of SLE and lupus nephritis involves
both genetic predisposition and environmental precipitants.
Murine models used to study SLE exploit these factors and
include genetically lupus prone mice and C57BL/6 wild-
type (WT) mice, which lack genetic susceptibility but
develop autoimmunity when administered the hydrocarbon
oil, pristane. Administration of pristane to WT mice results
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in the development of lupus-like humoral and cellular auto-
immunity and renal injury, with considerable homology
with the human condition [6]. Injury is mediated by
humoral autoimmunity, including anti-dsDNA antibodies;
however, cellular immunity is also involved. Compared to
mice with intact cellular immunity, mice deficient in T cells
or mice lacking interferon (IFN)-y and interleukin (IL)-
12p35 (key CD4" Thl-promoting cytokines) demonstrate
significant renal protection [7-9].

IL-17A is produced by both innate immune cells and
CD4" T cells [T helper type 17 (Th17) cells], and promotes
autoimmunity, organ inflammation and injury in a number
of experimental models [10,11]. Clinical and experimental
evidence supports a role for IL-17A in human and experi-
mental lupus nephritis. Results from analyses of human
kidney biopsies demonstrated that IL-17A" cells correlate
with clinical disease [12]. Functional roles for IL-17A and
IL-23 have been demonstrated in experimental models
using genetically prone lupus mice [13,14]. While the
potential role of IL-17A and Th17 cells has not been studied
in pristine-induced lupus nephritis, we have previously
demonstrated increased IL-17A production in C57BL/6
mice which develop lupus nephritis after pristane adminis-
tration [15]. Others have shown that IL-6, a pleiotropic
cytokine involved in the development of Th17 responses, is
required for the development of anti-dsDNA antibodies
and renal injury in this model [16].

While early focus has been on the role of Th17 cells in
driving inflammation, it is recognized increasingly that
innate immune cells produce significant amounts of IL-17A
and help to direct inflammatory responses and tissue injury
[17]. In murine models of infection, early IL-17A produc-
tion is required for the development of protective Thl
immunity [18]. Previously we have shown that in experi-
mental glomerulonephritis early injurious responses are
mediated by IL-17A, while Thl IFN-y-producing cells
promote the later injury [19,20]. In the current study, we
demonstrate that endogenous IL-17A is pathogenic in
pristine-induced lupus and lupus nephritis. Pristane-
injected C57BL/6 WT mice produce IL-17A early in the
course of disease, coming predominantly from innate cells,
implicating IL-17A in the subsequent development of auto-
immunity, antibody production, renal inflammation and
glomerulonephritis.

Materials and methods

Mice and experimental design

WT and IL-17A7" mice, back-crossed onto a C57BL/6]
background and bred at Monash Medical Centre (Mel-
bourne, Australia) as described previously [20], were used
for experiments. Studies adhered to the National Health
and Medical Research Council of Australia guidelines for
animal experimentation. Immune responses and/or renal

injury was assessed at three different time-points during the
course of disease, using age- and gender-matched, female,
WT and IL-17A7" mice. At 8-10 weeks of age WT and
IL-17A™" mice were injected with 500 pl of pristane (2, 6,
10, 14-tetramethylpentadecane; Sigma-Aldrich, St Louis,
MO, USA). We assessed immune responses at an early time-
point, 6 days after pristane injection in WT mice and
control (untreated) WT mice and at 8 weeks after pristane
treatment in WT and IL-17A”" mice. Renal injury in WT
and IL-17A”" mice was assessed 7 months after pristane
injection. Data are expressed as mean * standard error of
the mean (s.e.m.). Groups of data were analysed using an
unpaired Student’s t-test; when more than two groups were
compared, analysis of variance (aANova) (GraphPad Soft-
ware, San Diego, CA, USA) was used. A P-value of <0-05
was considered statistically significant.

Flow cytometric analyses 6 days after
pristane administration

Peritoneal cells were isolated 6 days after administration of
pristane by lavage and cultured at 1x 10%ml for 24 h in
10% RPMI-1640 with brefeldin-A (5 ug/ml; Sigma) added
for the last 6 h. Cells were first surface-stained using anti-
CD11b-allophycocyanin (APC)/cyanin 7 (Cy7) (Biolegend,
San Diego, CA, USA), anti-lymphocyte antigen 6G (Ly-6G)-
phycoerythrin (PE) (BD Pharmingen, San Diego, CA,
USA), anti-F4/80-Alexa647 (in-house), anti-y0T cell recep-
tor (TCR)-APC (eBioscience, San Diego, CA, USA),
anti-natural killer (NK)1-1-APC/Cy7 (BD Pharmingen),
anti-CD4-PE (BD Pharmingen) and anti-B220-PE (BD
Pharmingen), fixed and permeabilized using a fixation/
permeabilization kit (BD Pharmingen), then stained
intracellularly for IL-17A using fluorescein isothiocyanate
(FITC)-anti-IL-17A (eBioscience). Flow cytometric analysis
was performed on a MoFlo flow cytometer (Dako, Botany,
NSW, Australia). Fluorescence minus one controls were
used to ensure specificity in data analysis; doublets were
excluded by forward- and side-scatter profile.

Measurement of splenic cytokine production

To assess systemic cytokines after 8 weeks, spleens were
removed, a single-cell suspension was obtained and
splenocytes (4 x 10° cells/ml per well) were cultured with
RPMI-1640/10% fetal calf serum (FCS) at 37°C alone, or
with a pure Toll-like receptor (TLR)-4 ligand, highly puri-
fied lipopolysaccharide (LPS), (1 pug/ml; Sigma), purified as
described previously [21] and a TLR-2 ligand, Pam3-Cys-
Ser-Lys4 (Pam3CSK4) (10 pg/ml; Invivogen, San Diego, CA,
USA). Both these TLRs are relevant to experimental SLE
and to the induction of IL-17A-mediated responses
[15,22,23]. Cytokine enzyme-linked immunosorbent assays
(ELISAs) were performed on Nunc Maxisorb plates (Nunc,
Roskilde, Denmark), as described previously [19,24,25].
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Splenocytes from normal mice that did not receive pristane
or TLR ligands were also tested to provide baseline levels.
The limit of detection for each assay was: IL-17A 7-8 pg/ml,
IFN-y 15-6 pg/ml, TNF 3-9 pg/ml, IL-2 and IL-5 7-8 pg/ml.

Measurement of autoantibodies by ELISA

Total immunoglobulin (Ig)G was detected by incubating
ELISA plates with horseradish peroxidase (HRP)-
conjugated goat anti-mouse IgG (x-chain specific; Southern
Biotechnology Associates, Birmingham, AL, USA), as
described previously [15]. For the detection of anti-dsDNA
antibodies and anti-ribonucleoprotein (RNP) antibodies
pre-coated ELISA plates from Alpha Diagnostic Interna-
tional (San Antonio, TX, USA) [26] were used, developed
with tetramethylbenzidine (Sigma), and optical density
(OD) was read at 450 nm. Results are expressed as
ODyso £ s.e.m.

Assessment of functional and histological renal injury

Urinary collections (24 h) were collected at 0, 3 and 5
months and immediately prior to the end of experiments.
Albuminuria was measured on 24-h urine collections using
a Mouse Albumin ELISA Quantification Kit (Bethyl Labo-
ratories, Montgomery, TX, USA). Glomerular abnormalities
were assessed on periodic acid Schiff reagent (PAS)-stained,
3-um-thick, paraffin-embedded sections on coded slides.
The percentage of abnormal glomeruli was determined by
scoring >50 consecutive glomeruli per mouse for abnor-
malities according to previously published protocols, using
coded slides [15,19]. Abnormalities included glomerular
hypercellularity, crescent formation, fibrinoid necrosis,
segmental proliferation, hyalinosis and capillary wall
thickening.

Glomerular IgG and C3 deposition, leucocyte
accumulation and intrarenal cytokine
mRNA expression

Glomerular IgG and complement C3 deposition was
assessed on 6-um-thick, frozen sections using FITC-sheep
anti-mouse Ig (1:100; Silenus, Hawthorn, Victoria, Aus-
tralia) or goat anti-mouse C3 (1:100; Cappell, West
Chester, PA, USA). Scores were assigned based on the inten-
sity of 1gG/C3 deposition (0-3+), where 0 represents no
deposition and 3 denotes intense deposition, as published
previously [15,25]. To assess glomerular leucocyte accumu-
lation we used a three-layered immunoperoxidase tech-
nique after fixing kidney sections in periodate-lysine-
paraformaldehyde. The technique and antibodies were as
published previously [19,22]. Results are expressed as cells
per glomerular cross-section (c/gcs) after assessing at least
20 glomeruli per mouse.

IL-17A mediates experimental lupus nephritis

For measurement of T-bet, retinoic acid-related orphan
receptor gamma t (RORyt), GATA-binding protein 3
(GATA-3), forkhead box protein 3 (FoxP3), IFN-y and
CXCL11, RNA was extracted from whole kidney and meas-
ured by quantitative polymerase chain reaction (qQPCR), as
described previously [25,27]. Primer sequences used were as
described previously, while expression was standardized to
18S (house-keeping gene) before being expressed as a fold
change relative to WT mice treated with pristane.

Results

Innate immune cells produce IL-17A early after
pristane treatment

We injected pristane intraperitoneally to WT mice. Six days
later experiments ended and peritoneal cells were assessed
for IL-17A production by flow cytometry. Treatment with
pristane resulted in an increase in the number of peritoneal
cells (Fig.la) and IL-17A-producing peritoneal cells
(Fig. 1b) compared to untreated WT mice not injected with
pristane. In pristine-treated mice we assessed the source of
IL-17A  production. Innate immune cells, including
macrophages (F4/80%) and neutrophils (Ly6G*), were the
main producers of IL-17A (Fig. 1c). Representative fluores-
cence activated cell sorter (FACS) plots of peritoneal cells
isolated from pristine-treated mice, stained for IL-17A and
macrophages and neutrophils (Fig. 1d) are shown. These
results demonstrate that pristane treatment induces a local
inflammatory infiltrate which produced IL-17A, predomi-
nantly from innate immune cells.

Systemic immunity in WT and IL-17A~" mice 8 weeks
after pristane treatment

We treated WT and IL-17A7" mice with pristane and
assessed cytokine production from splenocytes at 8 weeks.
Spleens were removed and cultured with media alone or
with an additional TLR-4 or TLR-2 ligand to assess immune
responses when stimulated. Production of IL-17A, the
prototypic Th17 cytokine, was measured in untreated WT
mice and WT mice receiving pristane. While IL-17A pro-
duction in splenocytes from mice that did not receive
pristane (n =5) was present only at low levels in some mice,
splenocyte IL-17A production was detected readily in mice
treated with pristane (Fig.2a). Compared to splenocytes
from WT mice given pristane cultured without ex-vivo
stimulation, IL-17A production increased when splenocytes
were cultured with either a TLR-4 or a TLR-2 ligand.
Production of key cytokines by splenocytes was measured
after 8 weeks. In WT mice, pristane treatment resulted in
increased production of all cytokines. Production of IFN-y,
a Thl-associated cytokine, was increased in unstimulated
splenocytes from pristine-treated WT mice compared to
unstimulated IL-17A7" splenocytes (Fig.2b). TNF was
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Fig. 1. Innate cells are major producers of
interleukin (IL)-17A, 6 days after pristane
treatment. (a) Compared to ‘untreated’ C57BL/6
wild-type (WT) mice that did not receive
pristane (n =6), administration of pristane to
WT mice (n =8) resulted in an increased
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detected readily in unstimulated splenocytes from pristine-
treated WT mice and levels were diminished in IL-17A7"
mice (Fig.2c). Compared to detectable in
unstimulated splenocytes from pristine-treated mice, levels
of IFN-y (P=0-07) and TNF (P<0-001) increased after
culture with a TLR-4 ligand in WT mice. IL-2 production
from splenocytes isolated from WT or IL-17A™" mice was
similar (Fig. 2d), and there was a trend towards increased
IL-5 (a Th2-related cytokine) in splenocytes from IL-17A7"
mice compared to WT mice (Fig. 2e). These results showed
that IL-17A is required for full production of IFN-y and
TNE two key proinflammatory cytokines, 8 weeks after
pristane treatment.

levels

Humoral autoimmunity is diminished in IL-17A™~
mice 7 months after pristane treatment

The development of heightened immune responses with
hypergammaglobulinaemia and autoantibody production
forms the hallmark of experimental and clinical SLE. We
measured titres of total IgG and autoantibodies characteris-
tically associated with SLE 7 months after pristane treat-
ment. Compared to WT mice, significantly lower levels of
IgG were detected in IL-17A”" mice at serial dilutions
(Fig. 3a). Subsequently we assessed autoantibody levels
directed against dsDNA and RNP. Anti-dsDNA levels were
detected readily in WT and IL-17A™" mice, although the
autoantibody levels were lower in IL-17A”~ mice (Fig. 3b).
There was no difference in antibodies directed against RNP
in WT and IL-17A™" mice (data not shown). These results
demonstrate that IL-17A enhanced the development of
humoral autoimmunity after pristane treatment.

344

F4/80 Ly-6G

Glomerular immunoglobulin and C3 deposition is
decreased in IL-17A™"" mice

Kidney sections from WT and IL-17A™" mice were stained
for IgG and complement C3 deposition 7 months after
pristane administration. IgG was deposited in a granular
pattern in WT and IL-17A™" mice treated with pristane, but
was not detectable in age-matched control mice. Compared
to the amount of glomerular IgG seen in WT mice, less IgG
was detected in glomeruli IL-17A”" mice (Fig. 4a). Repre-
sentative glomerular sections from WT and IL-17A™" mice
stained for IgG are shown. Glomerular C3 deposition was
observed in all WT and IL-17A”" mice treated with
pristane, but glomerular C3 deposition was decreased in the
absence of IL-17A (Fig. 4b). High-power images representa-
tive of glomerular C3 deposition in WT and IL-17A™ mice
are shown.

Glomerular inflammation is decreased in the absence of
IL-17A

Seven months after pristane treatment, kidney mRNA
expression of the key Th cell transcription factors, T-bet
(Th1l), RORyt (Th17) and GATA-3 (Th2), were all
decreased (Fig. 5a). There was a trend towards reduced
FoxP3 mRNA. In addition, the Thl cytokine IFN-y and
CXCLL11, a key Thl-associated chemokine, were decreased
in IL-17A™"" mice (Fig. 5b). While glomerular CD4" T cells
were observed readily in WT mice, CD4* T cell numbers
were decreased in IL-17A7" mice (Fig. 5¢,d). There were
no differences in glomerular macrophage or neutrophil
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Fig. 2. Systemic (spleen) cytokine production
in wild-type (WT) and interleukin (IL)-17A7~
mice, 8 weeks after pristane administration.

Eight weeks after pristane injection we isolated

IL-17A mediates experimental lupus nephritis
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recruitment between pristane-injected WT and IL-17A7"
mice (Fig. 5d).

Functional and histological renal injury is decreased in
the absence of IL-17A

Following administration of pristane, we assessed func-
tional injury by sequential measurement of proteinuria and
histological injury in WT and IL-17A™" mice. Previously we
have shown that an increase in albuminuria is detectable in
WT mice 3 months after pristane treatment [15]. We found
that there was a steady increase in urinary albumin excre-
tion in WT mice over the experimental period (Fig. 6a).
IL-17A™" mice were not proteinuric at 3 months and had
developed only modest proteinuria by the end of experi-
ments at 7 months. Consistent with the attenuated func-
tional renal injury, histological renal injury measured by the
proportion of abnormal glomeruli was attenuated in the

absence of IL-17A (Fig. 6b) after 7 months. Representative
photomicrographs of the glomerular injury in WT and
IL-17A”" mice are shown (Fig. 6¢). Therefore, IL-17A is
required for the full expression of functional and histologi-
cal renal injury in experimental lupus nephritis induced by
pristane.

Discussion

In these experiments we demonstrate that pristane adminis-
tration stimulates early IL-17A production, predominantly
from innate immune cells. Intact IL-17A responses are
required for the full production of IFN-yand TNF as well as
humoral autoimmunity. In association with reduced auto-
immunity in IL-17A™" mice, we found that renal inflamma-
tion and injury was diminished. This is an important
finding, as therapies targeting IL-17A have been used suc-
cessfully in clinical practice, in psoriasis, psoriatic arthritis
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Fig. 3. Humoral autoimmunity is decreased in the absence of
interleukin (IL)-17A. (a) Seven months after pristane treatment, levels
of total immunoglobulin (Ig)G were decreased in IL-17A™~ mice

(n =7) compared to wild-type (WT) mice (n=9) treated with
pristane. (b) Similarly, titres of anti-dsDNA antibodies were decreased
in IL-17A™" mice. *P < 0-05; **P < 0-01.

and ankylosing spondylitis [11], and could be used poten-
tially in the treatment of patients with SLE.

Many innate and adaptive immune cells are known to
produce IL-17A. In the pristane model the peritoneum har-
bours an inflammatory infiltrate, which produces inflam-

=

matory cytokines including type 1 IFNs, which are linked to
the development of both experimental and clinical SLE
[28]. Following pristane treatment we found evidence of
local inflammation in the peritoneum, with increased
numbers of IL-17A-producing cells. The majority of
IL-17A-producing cells were innate immune cells, with
nearly two-thirds of IL-17A production originating from
macrophages or neutrophils. Recently, Bosmann and col-
leagues have demonstrated that macrophages and in par-
ticular peritoneal macrophages produce IL-17A [29]. In
experimental endotoxaemia they demonstrated that most
IL-17A-producing cells were F4/80* and pretreatment with
anti-F4/80 antibody resulted in diminished circulating
levels of IL-17A. Similarly, it has been shown that in
response to inhaled environmental toxins alveolar
macrophages produce IL-17A [30]. Neutrophils produce
IL-17A, including in acute kidney injury [31]. The key role
of macrophages and neutrophils in producing IL-17A in
these models reflects the importance of local injury in
inducing inflammation and driving organ damage. The
current studies show that, after pristane administration,
other cells besides macrophages and neutrophils produce
IL-17A, including CD4* T cells, NK cells, YT cells and B
cells. These cellular sources of IL-17A are well described in
other experimental settings, reviewed recently [17]. Despite
being the major source of autoantibodies later in the devel-
opment of systemic autoimmunity, at this early stage B cells
were not major sources of IL-17A.

Both IL-17A and Th17 cells promote renal inflammation.
In experimental models of glomerulonephritis, we and
others have shown that IL-17A and Th17 cells mediate early
glomerular injury [19,20,32]. In patients with SLE, serum
IL-17A levels are increased and correlate with disease activ-
ity, numbers of Th17 cells are increased in the peripheral
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A3 I
o
o
| | 527
Fig. 4. Glomerular immunoglobulin (Ig)G and 3 z .
complement deposition is decreased in OE’ :g 1 b —
interleukin (IL)-17A™ mice. (a) Glomerular 8 é
IgG and C3 deposition was assessed 7 months ]
after pristane treatment. Glomerular IgG was 0 WT IL-17A—-
detectable in both wild-type (WT) and
IL-17A7"" mice, but IL-17A7~ mice had less IgG ()
within glomeruli. Representative 37
photomicrographs (x400) of glomerular IgG ™ Er‘?
deposition in WT and IL-17A~~ mice are (3 ; ol
shown. (b) Similarly, we found that C3 % < .
deposition was decreased in glomeruli of aé) _S ==
IL-17A" mice. Representative images of kel 'tz T
glomerular C3 deposition in WT and IL-17A7~ © S
mice are shown. ****P < 0-0001. AU = arbitrary © 0
units. wWT IL-17A™

346 © 2014 British Society for Immunology, Clinical and Experimental Immunology, 176: 341-350



IL-17A mediates experimental lupus nephritis

(a) Renal transcription factor mMRNA (b) IFN-yand CXCL11
mRNA
2.0 - Il WT mice
CJ 1L-17A7 mice 20r
é’) 1.5 ??,) 1.5
£ 10} 2
G G 1.0}
o o
2 osl I o
i 051
0-0
Fig. 5. Renal inflammation is diminished in the T-bet RORYT  GATA-3 FoxP3 IFN-y CXCL11
absence of interleukin (IL)-17A. (a) Seven
months after pristane treatment intrarenal () WT IL-17A™"
mRNA for the T cell transcription factors T-bet, e . Ew - ’4" o &
retinoic acid-related orphan receptor gamma t R, "i‘-‘ . ] - - i
(RORyt) and GATA-binding protein 3 o i ? ’ 4 i‘" a
(GATA-3) were decreased in IL-17A~~ mice. “__ 19 : "_ 3 it
The reduction in forkhead box protein 3 | w o
(FoxP3) did not reach significance (P = 0-07). b ;“ _ { '
(b) mRNA for interferon (IFN)-y and CXCL11, g
each a key T helper type 1 (Th1)-associated * ji
cytokine and chemokine were decreased in i e
IL-17A7"" mice. (c) Representative images of
single and multiple CD4" T cells in glomeruli of (@ CD4* cells Neutrophils
wild-type (WT) mice. Glomerular CD4* T cells 15 15, 15
were not observed regularly in IL-17A™" mice.
(d) Compared to WT mice, glomerular CD4* T » ] »
cell recruitment was decreased in IL-17A7~ §’ 1-0r g’ 10r T §> 10r
mice. There were no differences in glomerular ;(: * ::: J‘f_)
macrophage or neutrophil recruitment in WT 8 0-5f = u<'_ 0-5} (‘3 051
or IL-17A™" mice. *P < 0-05; **P < 0-01; m
AP < 0-001; ¥¥**P < 0-0001. c/ges = cells per 0-0 0-0 0-0
WT  IL17A7- WT  IL17A7- WT  IL17A7

glomerular cross-section.

blood [33-35] and T cells producing IL-17 have been
observed consistently in kidney biopsies from patients with
lupus nephritis [12]. IL-17A has been associated with
disease in several genetically prone lupus mice. In MRL/Ipr
mice, SNF1 and BXD2 mice, serum IL-17 levels were
increased and IL-17A-producing T cells were found in
kidneys [36-38]. By using IL-17A-deficient mice we were
able to demonstrate a definite pathogenic role for IL-17A in
pristane-induced lupus nephritis. Humoral autoreactivity,
including glomerular IgG and C3 deposition, was dimin-
ished in the absence of IL-17A and renal injury was
decreased significantly, demonstrating that IL-17A is
required for nephritogenic immune responses and lupus
autoimmunity in this model.

In addition to its effects on humoral autoimmunity,
IL-17A also was important in cellular autoimmunity,
assessed 8 weeks after pristane administration. There is
increasing evidence in murine models of human infection
that IL-17A is required for the development of protective
Th1 immunity. In experimental Francisella tularensis infec-
tion, IL-17A induces IL-12 and IFN-y secretion from
dendritic cells and macrophages and is critical for Thl-

© 2014 British Society for Immunology, Clinical and Experimental Immunology, 176: 341-350

mediated bacterial killing [18], with similar results reported
in experimental models of Chlamydia muriduram [39],
Mycobacterium bovis [40] and viral hepatitis [41]. However,
the role of early IL-17A production in Thl responses in
autoimmunity, including autoimmune kidney disease, is
not well appreciated. The finding that IFN-y and TNF pro-
duction was diminished in the absence of IL-17A highlights
the importance of IL-17A in the promotion of these inflam-
matory pathways, and is consistent with the lack of early
IFN-y production in IL-23p19™" mice in murine autoim-
mune anti-glomerular basement membrane disease [42].
To mimic a potential clinical scenario where SLE patients
suffer from infections or stresses, which ligate TLRs, we cul-
tured splenocytes with a TLR-2 or TLR-4 ligand. Both
TLR-2 [43] and TLR-4 [15] are pathogenic in this model.
When WT splenocytes were cultured with a TLR-2 ligand
there was a significant increase in IL-17A production, con-
cordant with our findings in experimental vasculitis, where
TLR-2 ligation promoted IL-17A responses and subsequent
renal injury [22]. TLR-4 ligands promoted an increase in
the production of TNF and IEN-y, Thl-associated
cytokines. In addition to decreased Th1 systemic immunity,
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Fig. 6. Functional and histological renal injury ©)
is diminished in interleukin (IL)-17A~" mice.
(a) Following pristane injection there was a
progressive increase in albuminuria. Compared
to wild-type (WT, baseline n = 4, disease n=9)
mice treated with pristane, albuminuria was
decreased in IL-17A7"~ mice (baseline n =5,
disease n =7). (b) Histological injury was also
decreased in the absence of IL-17A, 7 months
after pristane treatment. (c) Renal histological
injury was attenuated in the absence of IL-17A.
Periodic acid Schiff’s (PAS) staining of
representative images demonstrating glomerular
injury with mesangial expansion and
hypercellularity in WT mice are shown. In the
lower panels, Masson trichrome staining shows
accumulation of mesangial matrix and
hypercellularity. Crescent formation (insert,
WT) was uncommon in WT mice, but was
absent in IL-17A™" mice. *P < 0-05;

**P <0-001.

we found that glomerular CD4" T cell recruitment was
decreased in the absence of IL-17A, with kidney mRNA
expression of T-bet, the key Thl-associated transcription
factor, and critical Thl-associated cytokine and chemokine
levels being decreased in IL-17A”" mice. Clinical data con-
sistently imply a role for Thl overactivity in SLE and lupus
nephritis [44,45], supported by results from experimental
studies and in pristane-induced nephropathy where both
IFN-y" and IL-12p357" mice were protected [8,9]. The
deficit in Thl immunity and associated proinflammatory
cytokines may contribute to the attenuated renal injury
observed in IL-17A-deficient mice.

IL-17A-deficient mice exhibited diminished levels of total
IgG and anti-dsDNA antibodies. Previously it has been
shown that IL-17A is required for the development and
maintenance of splenic germinal centres and the generation
of dsDNA autoantibodies in BXD2 lupus-prone mice [38].
Similarly, in the ALD-DNA murine model of SLE, induced
by exogenous administration of ALD-DNA, treatment with
exogenous IL-17A increased dsDNA levels, while neutraliz-
ing IL-17A resulted in decreased anti-dsDNA autoantibody
levels [26]. However, IL-17A-deficient FcyRIIb™ lupus-

] —l_
WT

IL-17A

wWT IL-17A+

prone mice were protected despite IL-17A deficiency having
no effect on autoantibody production [14]. Our results
support the concept that IL-17A is important in the full
development of humoral immunity in experimental lupus
nephritis, with diminished autoantibody levels likely to be
contributing to attenuated renal injury.

In conclusion, in lupus nephritis induced in the C57BL/6
mouse strain, with no genetic susceptibility elements,
IL-17A is required for the maximal production of humoral
and cellular autoimmunity and IL-17A is even produced
early in the disease process, predominantly by innate
immune cells. IL-17A mediates functional and histological
renal injury and represents a promising target for the treat-
ment of SLE and lupus nephritis.
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