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Summary
The impact of IFNα secretion on disease progression was assessed by comparing phenotypic changes
in the lupus-prone B6.Sle1Sle2Sle3 (B6.Sle123) strain and the parental B6 congenic partner using
an adenovirus expression vector containing a recombinant IFNα gene cassette (IFN-ADV). A
comprehensive comparison of cell lineage composition and activation in young B6 and B6.Sle123
mice revealed a variety of cellular alterations in the presence and absence of systemic IFNα. Most
IFNα-induced phenotypes were similar in B6 and B6.Sle123, however, B6.Sle123 mice uniquely
exhibited increased B1 and plasma cells after IFNα exposure, although both strains had an overall
loss of mature B cells in the bone marrow, spleen and periphery. Although most of the cellular effects
of IFNα were identical in both strains, severe GN only occurred in B6.Sle123 mice. Mice injected
with IFN-ADV showed an increase in immune complex deposition in the kidney, together with an
unexpected decrease in serum ANA levels. In summary, the predominant impact of systemic IFNα
in this murine model is an exacerbation of mechanisms mediating end organ damage.
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Introduction
Systemic lupus erythematosus (SLE) is a chronic, systemic autoimmune disease characterised
by the production of anti-nuclear antibodies (ANAs) that initiate an inflammatory disease via
immune complex (IC) deposition. The immunological events leading to the initiation and
progression of SLE are not well understood. Evidence to date suggests that a complex array
of genetic interactions coupled with environmental influences confer susceptibility [1-3].
Although polyclonal B cell activation is a consistent characteristic of SLE in humans and
animal models, other cells of the immune system, including activated T cells, dendritic cells
(DCs) and myeloid cells, have been shown to play key roles in disease progression [4-6].
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A variety of studies support a role for the pro-inflammatory Type I interferon-alpha (IFNα) in
the pathogenesis of SLE in humans [7-14]. Investigations by Ronnblom and colleagues have
shown that sera from SLE patients stimulated the production of interferon-alpha (IFNα) from
PBMCs[8,9]. In addition, global gene expression analyses have identified an IFN gene
signature that is prevalent in the peripheral blood cells of SLE patients with severe disease
[15-19].

The extent by which IFNα modifies or contributes to spontaneous murine models of SLE
appears to be complex and may depend on genetic background of the susceptible strain. The
majority of data suggests that IFN is pathogenic, but there are a few exceptions. Deletion of
the receptor for IFNα is beneficial in some lupus-prone strains but not for others [20-22]. In
the polygenic lupus-prone NZB/W mice, chronic administration of IFNα using adenovirus
(ADV)-mediated delivery of IFNα induces the rapid development of kidney disease with
associated proteinuria [23]. However, intermittent administration of recombinant IFNα in the
Sle2 appears to be therapeutic. Taken together, these findings suggest that the role of IFNs in
disease pathogenesis may be dependent upon genetic predisposition and specific pathogenic
processes.

We have focused our efforts on understanding the genetic basis of lupus via a congenic
dissection of disease susceptibility in the NZM2410 strain [24]. Our ongoing analyses have
revealed clusters of susceptibility loci on chromosomes 1 (Sle1), 4 (Sle2), and 7 (Sle3) (Sle5),
each of which contribute specific components to disease pathogenesis[25-29]. None of these
Sle loci mediate fatal lupus as single locus B6-congenics, however, several combinations of
specific loci lead to severe disease pathology and fatal lupus. Most notably, the
B6.Sle1Sle2Sle3 triple congenic strain (B6.Sle123), develops highly penetrant severe systemic
autoimmunity and fatal glomerulonephritis (GN) beginning at 6 months of age.

To determine whether lupus susceptibility loci influence immune system responses to type I
interferons, we compared the effects of IFNα between age and gender matched C57BL6J (B6)
and B6.Sle123 mice using an adenoviral vector system to drive transient expression of IFNα
in vivo. Our results identified a variety of effects of IFNα on the immune system which were
comparable in B6 and B6.Sle123 mice. However, only B6.Sle123 mice develop severe GN as
a consequence of this treatment. Our findings suggest that IFNα predominantly operates to
exacerbate mechanisms mediating end organ disease in mice with active disease.

Results
In vivo transduction of IFNα with recombinant adenovirus

Groups of B6 or B6.Sle123 mice were injected intravenously with either a recombinant ADV
vector expressing interferon alpha (IFN-ADV) or the empty vector system (ADV). Sera from
all mice were assayed for IFNα to assess the efficacy of IFN-ADV injection. IFNα was
detectable in serum 3 days post-injection only in mice injected with IFN-ADV with levels
peaking around 10 days post injection and decreasing to an average of 600 pg/ml at 8 weeks
post-injection (Fig 1A). There were no significant differences in the circulating levels of IFN
between B6 and B6.Sle123 mice. Other inflammatory molecules such as MCP-1, TNFα, IL-6,
IL-12p70, IFN-γ and IL-10 were also assessed at this time, using a CBA kit. MCP-1 was
detected only in IFN-ADV injected mice (Fig 1B) in both B6 and B6.Sle123 mice with
comparable levels. TNF and IL-6 were detectable in untreated B6.Sle123 mice at higher levels
than in B6 mice and treatment with IFN-ADV comparably increased these cytokines in both
strains (Figure 1C and 1D).
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IFNα promotes GN in B6.Sle123mice
Mice were euthanized at 8 weeks post-injection and their immune systems and kidneys were
analysed for evidence of disease. IFN-ADV significantly increased the proteinuria in the
B6.Sle123 mice with no effect on the B6 mice (Fig 2A). Histological analysis of the kidneys
revealed severe GN in IFN-ADV treated mice, compared to mild levels in untreated
B6.Sle123 mice or IFN-ADV treated B6 (Fig 2B, Fig 2C). B6 mice did not demonstrate GN
scores higher than 2, regardless of treatment. The GN induced by IFN also promoted
inflammation in the tubules and interstitium (Fig 2D). These results indicate that increased
IFNα expression accelerates severe kidney disease leading to compromised kidney function in
genetically predisposed B6.Sle123.

IFNα promotes IC deposition B6.Sle123 mice
Fluorescent microscopy showed that B6.Sle123 mice which were untreated or injected with
ADV had low levels of IgG deposition, in contrast to B6 mice which had little or none (Fig
3A). IFN-ADV treatment resulted in high levels of Ig deposition in B6.Sle123 mice and to a
much lesser extent in the B6 controls (Fig 3B-D). Quantitation of this fluorescence
demonstrated that both the area of deposition and intensity of fluorescence was increased,
reflecting higher levels of IgG.

Sera were analysed for total IgG and IgG autoantibodies (autoAbs) specific for chromatin and
dsDNA by Elisa. B6.Sle123 developed higher levels of total serum IgG compared to B6,
regardless of treatment (Fig 3E). Analysis of total serum IgM revealed an increase 14 days
post-injection in B6.Sle123 mice, which was transient, falling back to baseline by 28 days post-
injection (Fig 3F). Consistent with their lupus-prone phenotype, B6.Sle123 mice that were
untreated or injected with ADV alone had high levels of autoAbs to chromatin at approximately
10 weeks of age (2 weeks post-injection), which increased throughout the course of the
experiment (Fig 3G). Surprisingly, B6.Sle123 mice that were injected with IFN-ADV did not
show any increase in the levels of IgG autoAbs specific for chromatin or dsDNA (4 months,
Fig 3H). Analysis of IgM autoreactive antibodies revealed a similar profile to IgG anti-
chomatin antibody titer (Fig 3I). Analysis of anti- SN RNP_U1 also demonstrated that IFN did
not amplify serum autoantigen levels (Supplemental fig 1). In addition, we then assessed the
spectrum of autoantigens recognized by sera of B6.Sle1Sle2Sle3 mice with and without IFN-
ADV using proteomic arrays [30]. As shown in Supplemental Fig 2, the decreased titer of
serum autoantibodies subsequent to IFN-ADV injection does not reflect a shift in the spectrum
of autoantibodies produced by these mice away from chromatin or dsDNA. These findings
indicate that high levels of systemic IFN did not strongly impact the levels of humoral
autoimmunity that develop in this spontaneous model of SLE.

IFNα induces peripheral leukopenia and splenomegaly
Peripheral blood was assessed for phenotypic and cellular alterations during the course of the
experiments. Analysis of peripheral blood populations throughout the duration of the study
detected an overall leukopenia in IFN-ADV injected mice of both strains beginning at 7 days
post-injection and persisting throughout the investigation (Table I and data not shown).
Following euthanasia, peripheral blood, bone marrow and spleens were harvested for cellular
analysis by flow cytometry. A characteristic phenotype of lupus-prone mice is splenomegaly.
Consistent with this, untreated and ADV mice had significantly larger spleens compared to
their B6 counterparts. IFN-ADV induced an approximate two fold increase in splenic size in
both B6 and B6.Sle123 mice (Table I). Cellular analysis in young B6 versus B6.Sle123 mice
revealed a variety of phenotypic variations (Supp. Table I) and increased activation of most
cell types in the myeloid, B and T cell lineages in the bone marrow and spleen. However, most
IFNα induced phenotypes were similar in B6 and B6.Sle123, with the most interesting
differences between the strains occurring in the B cell population.
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IFN induces lymphopenia and activation of B cells
Untreated B6.Sle123 mice have a lower percentage of circulating B cells compared to B6
controls (37.7±0.7 and 32.7 ±2.2 for B6 and B6.Sle123 mice respectively, n=5, p<0.05).
Untreated young B6.Sle123 mice also had a lower percentage of resident splenic B cells (Supp
Table I) compared to the B6 control mice (p<0.05), although the total splenic B cell count was
slightly increased. B cell subpopulations were analysed using antibodies to CD23, CD21, IgM,
CD5, CD11b and B220 [31]. B6.Sle123 mice also had a significantly reduced percentage of
T2 (B220+, IgM++, CD21++, CD23+) cells and a visible increase in T1 (B220+, IgM+,
CD21-, CD23-) B cells, suggesting an inhibition in maturity at the T1-T2 stage. These were
young mice (14-16 weeks old) and therefore the disease severity should be mild with few major
cellular alterations. Treatment with IFN-ADV resulted in a significant reduction in the
percentage and total number of splenic B cells in B6 and B6.Sle123 mice and this persisted
over the entire study. (Fig 4a and b). Splenic B cells were activated, with a higher expression
of CD86 and CD69. In addition, they had significantly lower expression of IgD, suggesting
memory or antibody-producing cells were increased as a consequence of IFN-ADV [32].
IFNα significantly increased the percentage and number of B1b cells in both strains of mice
where they comprised 60% of total B220 cells. IFN-ADV treatment also resulted in an increase
in plasma cells (Fig 4c). This was to a greater extent in B6.Sle123 mice, which also showed
an increase in the number of GL7+B220+ cells, unlike B6, indicative of germinal centre
formation [33]. IFN-ADV injection also resulted in a reduction in the percentage and number
of follicular B cells (CD23+, CD21+, IgMint/lo).

There was a reduction in the overall retrieval of bone marrow cells from B6.Sle123 when
compared to B6, (Table I, p<0.05). B.Sle123 mice had fewer immature B cells and overall
B220+ cells when compared to B6 control mice (Supp Table II). Cooper et al have shown that
IFNα suppresses the IL-7 induced growth and survival of early B lineage cells [34-36].
Consistent with this, IFN-ADV induced a significant reduction in the total number of bone
marrow cells (Table I) and immature B cells (Supp Table II) (Fig 4D). In addition, there was
a significant loss in both PreB (B220+CD43-) and immature (B220++ CD43-) cells. The effect
on Pro-B (B220+CD43+) cells was less obvious, but analysis of cell numbers demonstrated
that ProB cells from B6.Sle123 mice were reduced after IFN-treatment (Supp Table II).

Overall, B6.Sle123 mice uniquely exhibited increased B1 and plasma cells after IFNα
exposure, although both strains had an overall loss of mature B cells in the bone marrow, spleen
and periphery.

IFN induces activation of myeloid cells, T cells, and apcs
Myeloid Cells—The CD11b lineage was examined in peripheral blood using the markers
7/4, CD62L and Gr1 recognizing Neutrophil 7/4 antigen (Neu7/4), L-selectin and Ly6C/Ly6G
respectively, in accordance with previous characterizations[37-39]. Peripheral PMNs were
Gr1+++, highly granular, CD62L+ and were Neu7/4-/+ (gate 1, Fig 5A). Analyses on pre-treated
mice showed that B6.Sle123 mice have higher levels (percentage and number) of circulating
PMNs which also expressed a higher expression of FcγRII/III (Fig 5B). Injection of IFN-ADV
resulted in a sustained increase in the percentage of peripheral PMNs in B6 mice and a more
transient increase in B6.Sle123 mice (Fig 5C). The overall cell numbers were unaltered,
suggesting that the leukopenia was a result of leukocyte depletion and that IFN has no effect
on PMN release from the bone marrow (data not shown). We identified 2 major populations
peripheral monocyte in untreated mice, consistent with earlier reports [37,38,40]. We revealed
the resident monocyte population which has been identified as 7/4+Gr1-CD11b+ 57. The Gr1
+ CD11b+ population (G2, Fig 5d) was sub-gated using the marker 7/4+ to reveal the
inflammatory monocyte population (G3, Fig 5e) which was CD11b+, Gr1+, CD62L+, 7/4+,
and low granularity[37]. This gating strategy is consistent with an earlier report which
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confirmed that the Gr1 intermediate population are monocytes using microscopy and functional
assays [37,38,40]. A backgating analysis using the neutrophil specific-Ly6G marker also
demonstrated the defined resolution using 7/4 and Gr1 was correct (Supplemental figure 3).

Treatment with IFN-ADV resulted in a dramatic increase in this population in both B6 and
B6.Sle123 mice (Fig 5D and E). This peaked at day 7 and levels remained higher than basal
levels throughout the 8 weeks of study (Fig 5F). Treatment with IFNα induced an increase in
splenic Gr1+ monocytes in both strains (Fig 5G), similar to the results observed in the
periphery. In addition, PMNs increased post-IFNα, also reflecting peripheral results (Supp
Table I). The number and percentage of F4/80+ macrophages (FSChi) cells was higher in IFN-
ADV injected mice, with a large expansion of the smaller F4/80+ cells (Fig 5H). The majority
of these were not CD11b+. The extent to which this population increased (almost 4-fold) was
greater than the degree of splenomegaly in both strains.

T lymphocytes—B6.Sle123 mice have lower percentages (and total numbers) of CD4 and
CD8 cells in peripheral blood compared to B6. Untreated B6.Sle123 mice also have an
increased expression of Ly6C, on peripheral CD8 cells (15.4±0.7 and 23.8±1.8 % Gr1+ on
CD8+ for B6 and B6.Sle123 respectively, p<0.01). IFN-ADV also induced expression of Ly6C,
on peripheral CD8+ T cells consistent with previous reports (Fig 5i) [41,42]. This upregulation
was transient, peaking at 7-14 days post-injection, returning to baseline levels by the end of
the 8 weeks (Fig 5j). Infection of IFN-ADV had a similar effect on both B6.Sle123 and B6
mice, causing an overall decrease in CD4+ and CD8+ T cell numbers. Untreated or ADV-CTL
injected B6.Sle123 mice had increased splenic CD8 cells in the spleens compared to B6 control
mice (Supp Table I). IFN treatment resulted in an increase in total CD8+ and CD4+ numbers
in B6.Sle123 mice.

In addition, there was an increase in the CD4+CD25+ population in B6.Sle123 mice, in contrast
to the control B6 population. Although the CD4+CD25+ subpopulation of T cells contains T
regulatory cells, it has become apparent that IL-2R (CD25) is upregulated upon activation and
that to identify T regulatory cells requires the addition of Foxp3 and a suppressor assay. In our
study, CD69 is also upregulated on CD4+ cells, which suggests that the upregulation of CD25
is most likely a reflection of increased activation. Further studies demonstrating that these cells
suppress activation would be necessary to clarify their cell type.

DCs—In these studies we analysed DCs as B220+CD11c+MHC+CD86+, or
CD11b+CD11c+MHC+CD86+, or CD8+CD11c+MHC+CD86+ subsets defining plasmacytoid
DCs, myeloid DCs, and CD8+ DCs respectively [43-45]. In untreated mice, the numbers of
CD11c+CD11b+ were greater in the B6.Sle123 spleen (Supp Table I p<0.05). The splenic
numbers of CD11c+ B220+ and CD11c+CD8+ DCs were also 2-fold greater in B6.Sle123 mice
compared to B6 (data not shown), but this was not significant (p=0.06 and p=0.05 respectively).
IFN-ADV treatment resulted in a 2 fold increase in the splenic population of CD11b+ and
CD8+ subsets (Supp Table I), with B6.Sle123 mice having significantly more CD11b+ cells
after IFN treatment compared to B6.

Flow Cytometry Summary
Taken together these findings demonstrate that the IFN-ADV in B6.Sle123 mice increases the
number of plasma and germinal center cells within the spleen, whilst increasing the numbers
of inflammatory cells, including neutrophils and inflammatory monocytes. Furthermore, most
leukocytes identified within the spleen and periphery demonstrated an increase in activation
markers. This suggests that the addition of IFN drives the development of an inflammatory
cellular mileu which culminates in the augmentation of disease.
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Kidney Leukocyte Infiltration
Analysis of leukocyte infiltration into the kidney demonstrated that IFN induces leukocyte
infiltration in non-autoimmune prone B6 mice (figure 6A). The cells were primarily CD8+CD3
+ T cells (figure 6B and E) and Gr1+ monocytes (figure 6E). The overall percentage of
macrophages (F4/80 high, figure 6F) decreased following IFN administration. The increase in
these populations was associated with a concomitant decrease in the CD19+ lineage, consistent
with data from the periphery, bone marrow and spleen (figure 6B). The triple congenic
autoimmune prone strain had high levels of leukocyte infiltration regardless of treatment
(Figure 6A). In addition, the variability was extremely high and may be reflective of the
stochastic events of the spontaneous disease. The cells infiltrating the kidney were primarily
CD3+ CD4 and CD8 cells (figure 6C and D). In addition, the Gr1+ monocyte population
demonstrated increases in CD11c and MHC II expression without treatment (data not shown),
indicating an activated phenotype. The variability observed within the B6.Sle123 CD45+
population was a constant observation throughout the lymphocyte and myeloid analysis and
overall there was no overwhelming difference following IFN administration.

Discussion
We have compared the cellular alterations and disease pathogenesis that develop in
B6.Sle1Sle2Sle3 versus B6 subsequent to induction of systemic IFN levels using an adenovirus
vector system. By comparing the impact of IFN on these congenic partners, which only differ
by defined congenic intervals that contain SLE disease alleles, we have eliminated other
complicating genetic factors that confound comparisons of classic lupus prone strains (such as
NZB/W) with “normal” strains such as BALB/c.

Our results indicate that systemic treatment with IFN in B6.Sle123 accelerates kidney disease
without dramatically increasing humoral autoimmunity. The kidney disease induced by IFN
is not unlike the nephritis that develops in older B6.Sle123 mice, consisting of immune complex
deposition, mesangial proliferation and thickened glomeruli walls. Systemic IFN does not lead
to the development of kidney disease in B6 mice, although the overall impact of IFN on the
immune system is comparable between B6 and B6.Sle123. This suggests that the major effect
of IFN treatment on disease pathogenesis in this model is to drive end organ disease, possibly
through its ability to activate a plethora of immune cells and cytokines and by promoting the
development of immune complex deposition in the kidney.

The results also demonstrated that this augmentation of end organ disease was not associated
with a concomitant increase in circulating ANA titer. Whilst levels of circulating IgG, and
autoreactive dsDNA antibodies were unaffected, the autoantibodies specific for chromatin
(DNA bound with histones) did not rise to their characteristic titer. This is most likely due to
the deletion of autoreactive B cells in the bone marrow following IFN administration. This
effect is not sufficient to remove all autoreactive cells within the system, since dsDNA
antibodies are unaffected. In a previous study, anti-dsDNA antibodies were slightly increased
by IFNα in a little over 50% of injected NZB/W mice at the end of the study[23]. We did not
observe this effect. However, multiple studies suggest that this effect may depend on the
specific pathways engaged following stimulation. Exogenous TLR stimuli which may induce
production of IFNα, enhance lupus phenotypes, with differing effects on the progression of
nephritis and/or circulating autoreactive Ig. In vivo administration of CpG, which stimulates
the secretion of IFN from pDCs, drives the progression of nephritis in the MRL/lpr strain,
whilst upregulating circulating IgG. However, when either TLR3 or TLR7 agonists are
administered, the nephritis is augmented with no effect on serum Ig [46-50]. Furthermore,
augmentation of kidney disease in the Nba2.NZW following TLR3 stimulation is reduced when
the type I IFN receptor is eliminated [51] demonstrating the end organ pathogenic role of IFN.
These results suggest that augmentation of innate immune responses may drive end-organ
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disease severity distinct from immune complex deposition, and this may depend on genetic
background.

Examination of the spleen suggested that whilst many subsets were depleted post-IFN
treatment, B1a and B1b cells were increased in both strains of mice, which would account for
the observed increased levels of serum IgM. IFN also increased the percentage of Gr1+ Neu7/4
+ cells in the periphery and spleen. This compartment probably contains the
CX3CR1+CCR2+Gr1+ monocytes population which has been described by Geissmann et al as
having greater migratory properties compared to a different subset with the phenotype
CX3CR1++CCR2+Gr1-[38]. This subset preferentially migrates into inflammatory tissue
where they may differentiate into DCs. This is consistent with our finding of an increase in
CD11b+CD11c+ cells in the spleen.

Our investigations have demonstrated that IFN treatment of B6.Sle123 mice results in
amplified B cell differentiation compared to B6 treated controls. In addition there is heightened
CD4 proliferation and activation, increased inflammatory monocyte subset and increased
numbers of conventional DCs compared to IFN-treated B6 mice. Together, these effects can
provide the cellular milieu which results in antigen presentation, inflammation and kidney
destruction. This is consistent with the model described earlier in humans, where pDCs drive
B cell differentiation into plasma cells via IFNα and IL-6, after an infection from a pathogenic
organism. In addition, IFNα drives monocytes to differentiate into myeloid DCs which may
then activate and delay apoptosis of antigen-specific CD4 cells[52]. In our model, the infection
has been bypassed by using IFNα expressed in an adenoviral system, providing the bridge
between innate and adaptive immunity.

We are investigating the role of monocytes and macrophages to a greater extent since our
studies showed an extensive upregulation in the myeloid lineage, and inhibition of their
recruitment to the kidney ameliorates disease[53,54]. We have demonstrated that the
susceptibility to IFN-induced-disease-augmentation lies within the Sle1, Sle2 and/or Sle3
regions. Therefore, the examination of IFN on the B6.Sle1 B6.Sle2 and B6.Sle3 congenic
strains will help to determine the necessary events required for development of GN.

Materials and Methods
Reagents and mice

All mice were bred in the University of Texas Southwestern Medical Center using breeding
pairs originally obtained from the Jackson laboratory. Mice were 8-10 week old females. The
derivation of B6.Sle1Sle2Sle3Sle5 (B6.Sle123) congenic mice bearing NZM2410-lupus
susceptibility intervals has been detailed previously [55]. The care and use of laboratory
animals conformed to the National Institutes of Health guidelines and all experimental
procedures conformed to an IACUC approved animal protocol. The IFN adenovirus (IFN-
ADV) or control (ADV) was purchased from Q-Biogene (Montreal, CA). Ad5.CMV-mIFN-
α expresses the murine IFNα5 gene under the control of the Cytomegalovirus–IE promoter/
enhancer. Ad5.Null contains an empty expression vector and was used as a control. Mice were
injected with 3×109 viral particles and monitored for up to 8weeks post-injection. Groups of
mice were set up in 4 separate experiments with a minimum of 3 mice per group per experiment.
Urine, sera and peripheral blood were taken throughout the monitoring period.

Assessment of Renal Disease
Mice were caged in metabolic cages and urine was collected over a 24h period. Protein was
measured using Coommassie® Blue (Pierce Biotechnology Inc. Rockford, IL) as per
manufacturer's instructions. BSA (Pierce) was used as a standard. Following euthanasia
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kidneys were fixed in formulin, and embedded in paraffin for blinded analysis by an
independent pathologist (JZ) to assess the degree of glomerularnephritis (GN), as previously
described[56]. Kidneys were also analyzed for Ig deposition at the BIIR Imaging Core. Kidneys
were frozen in OCT media (Sakura, Tokyo, JP) and stored at -70°C and stained for Complement
and IgG as previously described [23]. Briefly, sections were stained with a cocktail of FITC-
conjugated rat anti-mouse IgG1, IgG2a, IgG2b and IgG3 (BD Pharmingen, San Jose CA) for
1h at room temp. Sections were analyzed using an Olympus BX51 fluorescence microscope
equip with planapo 10× NA 0.40, and 20× NA 0.70 dry objectives. Post acquisition image
quantization was assessed using Metamorph 6.2 (Universal Imaging, Molecular Devices,
Downington, PA) software.

Cell Quantification and Flow Cytometry
Cells were counted using Turks solution (0.01% crystal violet and 3% acetic acid in distilled
water) which stains nucleated cells. In addition, Sphero™ AccuCount particles (Spherotech,
Libertyville, IL) were used to count via flow cytometry, as per the manufacturer's instructions.
Cell suspensions were washed with staining buffer and suspended in Fc-block (mAb 24G2)
together with a combination of up to 6 directly conjugated fluorescent antibodies and 1
biotinylated antibody (fitc, pe, pecy5, pecy7, apc and apccy7 all from BD Pharmingen, except
Neu7/4pe (Serotec)). Cells were incubated for 40min in the dark on ice. Cells were washed 3
times in staining buffer and then incubated in Streptavidin Pe-Texas Red (BD Pharmingen) at
1:400 dilution of stock for 30mins in the dark. Red Blood cell lysis and cellular fixation was
completed using BD Facs Lysing solution (BD Biosciences). Cells were washed as above and
samples were maintained in 1% paraformaldehyde and run within 24hs on a Cytomation
Cyan® flow cytometer. Acquisition and analysis was completed using the Cytomation
Summit® 4.0 software. Kidneys were prepared as described previously [57] and as out lined
in the methods. Briefly they were minced and resuspended into 0.75mls of PBS. Cells were
spun down and the supernatant was kept at -20°C for cytokine analysis. Cells were resuspended
in digestion buffer, consisting of Collagenase (1mg/ml) and DNase (1ug/ml) in RPMI
Complete Media and incubated at 37°C for 30mins. Cells were centrifuged and filtered through
a 70uM mesh and then mixed 1:1 with 40% Percoll solution. This was centrifuged 3000rpm/
20mins/RT/brake off. The loose pellet was washed, counted and resuspended in staining buffer.
Acquisition and analysis was completed using a BD LSR II with Diva software, and Flowjo
7.2 for Windows, Treestar.

Elisas and Cytokine Analysis
IFNα was detected using an Elisa kit from PBL as per protocol. The detection range was
between 12.5-5000pg/ml. Serum cytokines were analyzed using the murine inflammation CBA
kit (BD).

Serum ANAs were analyzed using an anti-histone-DNA antibody Elisa as described previously
[58]. Briefly, Immulon II plates (Dynatech Laboratories, Chantilly, VA), precoated with
methylated BSA, were coated overnight with 50μg/ml dsDNA (Sigma-Aldrich) and 10μg/ml
total histones (Roche Applied Science, Indianapolis, IN) at 4°C. After blocking with PBS/3%
BSA/0.1% gelatin/3mM EDTA, 1/100 dilutions of the test sera were incubated in duplicate
for 2h at room temperature. Bound IgG was detected with alkaline phosphatase (AP)-
conjugated anti-mouse IgG (Jackson ImmunoResearch Laboratories, West Grove, PA or IgM–
AP (Southern Biotech)) using pNPP as a substrate. Raw OD was converted to U/ml using
positive control serum from an NZM2410 mouse. The reactivity of a 1/100 dilution of this
serum was arbitrarily set to 100 U/ml.

For total Ig, 96 well, Immulon II plates (Dynatech Laboratories) plates were coated with 4ug/
ml of goat anti-mouse IgG or IgM (IgG; GAMκ Caltag, Burlingame, CA or IgM; Southern
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Biotech, Birmingham, AL) and incubated for 30min at 37°C. Plates were washed and blocked
with 3% BSA/3mM EDTA overnight at 4°C. Serial dilutions of the standard IgG (Southern
Biotech)/IgM (Sigma) or diluted samples were added and incubated for 2hs at room temp.
After washing 50ul of the secondary HRP-conjugated goat anti-mouse gamma (-HRPO-
GAMγ Caltag or IgM-HRP (Jackson ImmunoResearch)) was added and the plates incubated
at 4°C overnight. TMB substrate solution was then used to detect binding as per manufacturer's
instructions (Promega, Madison WI).

Statistical Analysis
Results are expressed as the arithmetic mean ± standard error of the mean (SE). Comparative
means were assessed using either an unpaired t-test or 1 way ANOVA with Dunn post-hoc
test. Significance is represented by a probable value, p<0.05. Kinetic changes were analysed
using 1-way ANOVA. Significant changes, p<0.05, were then analyzed using the Bonferroni
Dunn post-hoc test that analyzes associations between every combination of two parameters
within the data. Analyses were completed, InSTAT version 3.0 for Windows, GraphPad
Software, San Diego CA, USA and Statview, version 5.0.1 for Windows, SAS Institute Inc.,
Cary, NC, USA.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Systemic cytokine levels after IFNα-ADV administration
At the end of the study, sera from all mice were analyzed for cytokine levels using an IFN Elisa
kit (a) or a CBA mouse inflammation cytokine kit, measuring MCP-1 (b), TNF (c) and IL-6
(d). *p<0.05.
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Figure 2. IFN promotes nephritis in the SLE mice
Proteinuria was quantified using Coumassie Blue (a) Kidney pathology was assessed using
H&E staining (b). IFN-ADV B6 mice showed some mesangial proliferation within the
glomeruli (red arrow). IFN-ADV SLE mice demonstrated thickened glomeruli walls (black
arrow), extensive mesangial proliferation (blue arrow) and presence of larger phagocytes in
the endocapillary space. Blind analysis of GN score according to WHO classifications (c) and
inflammation in the tubules and interstitium was graded as absent or present (d).
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Figure 3. IFN promotes IC deposition in B6.Sle123 mice
IgG deposition was analyzed using immunohistochemistry (a). IFN-ADV was associated
increased areas of the kidney with IgG deposition (b) and within these areas increased intensity,
or amount of IgG complex deposition (c). Integrated intensity analyses both extent and intensity
of deposition (d). Sera were analyzed for total IgG (e), total IgM (f) IgG ANAs (g) IgG dsDNA
(h),, and IgM ANAs (i) by Elisa.
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Figure 4. IFN results in B cell leukopenia
In a subset of mice (n=5 per group), peripheral blood lymphocytes were analyzed using flow
cytometry. A representative B220 histogram is shown in (a) with a time course in (b).
Representative plots for splenic B cells (B220+, CD138-) or plasma cells (B220-CD138+) is
shown in (c). Early bone marrow B cell progenitors, ProB cells (CD43+B220+), PreB (CD43-
B220+) and Immature B cells (CD43-B220++) are shown in a representative plot (d).
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Figure 5. Myeloid and T cell populations are affected by treatment with IFN
Peripheral blood myeloid cells were gated on the CD11b positive population and PMNs are
Gr1hi and CD11b+ (a; Gate1). The number of PMNs, and expression of FcγRII/III is shown in
(b). IFN resulted in an increase in the percentage of circulating PMNs (c). IFN results in an
increase of a Gr1+CD11b+ population in the spleen in both strains (d; Gate2). Analysis using
a 7/4 antibody pulls out the inflammatory population (e; G2). Effect of IFN on the percentage
Gr1+ monocytes over 8 weeks (f). Gr1+ monocytes are increased in the spleen in IFN-treated
mice (g). IFN results in an increase in the F4/80 positive population (h); both larger
macrophage-like cells (high FSC) and smaller monocyte-like cells (low FSC). IFN induced an
increase in expression of GR1+ on CD8+ cells in both strains of mice in response to IFN
(representative plot; I, time course in (j)).
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Figure 6. Analysis of Leukocyte infiltration within the kidney
Kidneys were perfused and processed as described in the methods and flow cytometry was
used to assess leukocyte infiltration and activation. IFN-ADV cause an increase in CD45+ cells
into the kidney in B6 mice, whilst B6.Sle123 mice had higher levels regardless of treatment
(a). Infiltrating cells were primarily CD3+ (b), with CD4+ increasing in B6.Sle123 mice (c)
and CD8+ increasing in both strains (d). Within the myeloid lineage, Gr1+ cells were the
predominant infiltrating cell (e). Examination of the Gr1 negative population (f) demonstrated
that macrophages (F480 high) were not a dominant infiltrating cell.
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