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Abstract

Costimulatory blockade with CTLA4Ig and anti-CD40L along with a single dose of
cyclophosphamide induces remission of systemic lupus erythematosus nephritis in NZB/W F1 mice.
To understand the mechanisms for remission and for impending relapse, we examined the expression
profiles of 61 inflammatory molecules in the perfused kidneys of treated mice and untreated mice at
different stages of disease. Further studies using flow cytometry and immunohistochemistry allowed
us to determine the cellular origins of several key markers. We show that only a limited set of
inflammatory mediators is expressed in the kidney following glomerular immune complex deposition
but before the onset of proteinuria. Formation of a lymphoid aggregate in the renal pelvis precedes
the invasion of the kidney by inflammatory cells. Regulatory molecules are expressed early in the
disease process and during remission but do not prevent the inevitable progression of active
inflammation. Onset of proliferative glomerulonephritis and proteinuria is associated with activation
of the renal endothelium, expression of chemokines that mediate glomerular cell infiltration, and
infiltration by activated dendritic cells and macrophages that migrate to different topographical areas
of the kidney but express a similar profile of inflammatory cytokines. Increasing interstitial
infiltration by macrophages and progressive tubular damage, manifested by production of lipocalin-2,
occur later in the disease process. Studies of treated mice identify a type Il (M2b)-activated
macrophage as a marker of remission induction and impending relapse and suggest that therapy for
systemic lupus erythematosus nephritis should include strategies that prevent both activation of
monocytes and their migration to the kidney.

Systemic lupus erythematosus (SLE)5 nephritis is characterized by immune complex-mediated
glomerular and tubulo-interstitial inflammation, leading to chronicrenal insufficiency in up to
30% of affected patients. Maintenance of disease remission after treatment of a renal flare
remains a challenging clinical problem (1). Recently. it has become possible to study the
mechanisms involved in induction of complete remission of nephritis in NZB/W mice. The
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combination of a single dose of cyclophosphamide administered along with six doses of
CTLAA4Ig and six doses of anti-CD154 (triple therapy) induces prompt reversal of proteinuria
in NZB/W mice with established nephritis (2). Although immune complexes and complement
persist in the glomeruli, histologic changes in the glomeruli reverse and there is a decrease in
expression of several chemokines with efflux or death of renal inflammatory cells (2).

To further understand how inflammatory cells migrate to and from the inflamed NZB/W kidney
during active disease and remission, we undertook targeted real-time PCR analysis of 61
inflammatory molecules in the kidneys of NZB/W F; at various disease stages. Our results
show that expression of inflammatory mediators follows the deposition of immune complexes
in the glomeruli but that distinct subsets of genes are up-regulated at sequential stages of
disease. Our findings yield insight into the progressive inflammatory process in SLE nephritis
and identify an activated type Il macrophage population as a key marker of proteinuria onset
and disease remission.

Materials and Methods

Animals

NZB/NZW F4 females were purchased from The Jackson Laboratory. Urine was tested weekly
for proteinuria by dipstick (Multistick; Fisher Scientific). Once fixed proteinuria of >300 mg/
dl on two occasions 24-h apart appeared, a single dose of 50 mg/kg cyclophosphamide and six
doses of 100 ug of CTLA4Ig and 250 ug of anti-CD154 were administered as previously
described (2). Sixteen treated mice that entered remission (<30 mg/dl proteinuria on at least
two occasions 3 days apart) were sacrificed at intervals starting 3 wk after treatment. Proteinuria
status was confirmed by overnight collection of urine in metabolic cages before sacrifice.
Control groups of untreated NZB/W F; mice were sacrificed at the following ages: 6 wk (5
mice), 16 wk (5 mice), 23 wk without any proteinuria (23w NP: 10 mice, 5 with and 5 without
high-titer 1gG anti-DNA Abs), 23 wk with new onset proteinuria >300 mg/dl (23w P: 6 mice),
and 36 — 40 wk with established proteinuria >300 mg/dl (36 — 40w: 12 mice).

Quantitative real-time PCR (qPCR)

After perfusion with 60 ml of cold sterile saline, kidneys were immediately removed into
TRIzol (Invitrogen Life Technologies) and total RNA was prepared. Quality of the RNA was
verified on a NanoRNA chip (Agilent). Five micrograms of RNA was reverse-transcribed with
SuperScript 11 reverse transcriptase (Invitrogen Life Technologies). Amplification was
performed in triplicate using SYBR Green PCR Master Mix (Roche Diagnostics) and specific
primers (Table 1) in a LightCycler480 (Roche Diagnostics). Dissociation curve analysis
confirmed amplification of one specific product per primer pair.

Flow cytometry and cell sorting

Kidneys from five proteinuric mice were treated for 30 min with collagenase (Worthington
Biochemical), followed by progressive sieving to obtain single-cell suspensions. Whole kidney
preparations, spleen cells, and PBMC from the same mice were stained with Abs to CD11c,
CD11b, CD19, IgM, IgD, CD5, CD21, CD23, CD4, CD69, CD44, CD62L (BD Pharmingen),
and F/80 (Caltag Laboratories and Invitrogen Life Technologies) as previously described (3).
Ox-40L staining was detected using murine Ox-401g followed by FITC-labeled anti-lgG2a.
Kidney preparations from three 8-wk- old mice were used as negative controls.

To analyze gene expression in the various cell subsets, renal lymphoid and nonlymphoid cells
were separated from five nephritic mice using pooled Absto CD4, CD8, F4/80, CD11b, CD11c,
CD5, CD49b, and B220. CD19-positive B cells (n = 14), CD4-positive T cells (n = 10) CD11b/
CD11c"9" dendritic cells (n = 4), and CD11b/CD11c'°" or CD11b/F4/80M3" macrophages
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(n=10) were then isolated from kidneys of nephritic mice using a FACSAria (BD Biosciences).
Isolated cells were >90% pure. RNA was synthesized from the isolated cell populations using
a picopure RNA isolation kit (Arcturus Molecular Device) and gPCR was performed using
primers specific for IL-1, IL-10, BAFF, TNF-a, CXCL13, and CXCRS5 as above.

Histologic and immunohistochemical analysis of kidneys

H&E sections of kidneys were scored by a single observer (M.M.) blinded to the treatment
group as previously described (4). In brief, glomerular and interstitial disease were scored
separately for each kidney using a semi-quantitative scale from 0 to 1 (absent) to 3to 4 (severe).
Immunohistochemistry was performed using Abs for 1gG (Southern Biotechnology
Associates), CD4, CD8, B220, CD62L, CD11c, CD138, F4/80, IL-17 (all from BD
Pharmingen), and Foxp3 (eBioscience). Slides were counterstained with 4',6-diamidino-2-
phenylindole (Molecular Probes and Invitrogen Life Technologies) and images were captured
using a digital charge-coupled device camera system connected to a Zeiss microscope.

Statistical analysis

Results

The TIGR Multi Experiment Viewer (TMEV) software package was used for statistical
analysis of qPCR data. The average of the raw data for each sample (Ct value) was normalized
to the internal control (housekeeping gene S-actin). Normalized expression data were log 2-
transformed and scaled to the expression value for a single 6-wk-old mouse given an arbitrary
value of 1 (0 by log scale). Cluster analyses show these values and are scaled from —2 or —3
(green) to 3 (red). Statistical analysis between experimental groups was performed using
specialized implementations of ANOVA with the t test statistic and permutations available in
the TMEV package. Unsupervised hierarchical clustering with bootstrap procedures of samples
based on gene expression data was performed using Euclidean metrics with average or
complete linkage and visualized using TMEV. To graphically display the results of the
statistical analyses, data were scaled to the mean of the 10 young control mice. Data shown in
the cluster analyses are for all significant genes. For simplicity, data shown in the graphs
represent genes that were significantly different both by statistical analysis of microarray
(SAM) and t test analysis and that had >2-fold increased expression over the mean of young
controls.

Histologic analysis of kidneys

Six groups of mice were used in this study: 1) 10 mice 6 —16 wk old (6 —16w); 2) 10 mice 23
wk old without proteinuria (23w NP); 3) 6 mice 23 wk old with new onset proteinuria >300
mg/dl (23w P); 4) 10 mice 36 — 40 wk old with established proteinuria >2 wk (36 — 40w); 5)
7 mice sacrificed 3— 4 wk after beginning remission induction therapy and with complete
resolution of proteinuria (3— 4w post); and 6) 9 mice sacrificed >5 wk after remission induction
therapy and with complete resolution of proteinuria confirmed on multiple occasions (>5w
post). Kidneys were scored separately for glomerulonephritis and interstitial inflammation
using a semiquantitative score from 0 to 4 rated from early or focal to severe as previously
described (4). Glomerular inflammation was absent or mild in mice younger than 16 wk of age
and in 23-wk nonproteinuric mice. Proliferative glomerulonephritis appeared at the onset of
proteinuria (p <0.001 23w P vs 23w NP; Fig. 1A). Mild interstitial inflammation also appeared
at the onset of proteinuria ( p < 0.04 23w P vs 6 —16w) and increased in severity with disease
progression ( p < 0.01 23w P vs 36 — 40w; Fig. 1B) Thus, proteinuria onset is associated with
glomerular inflammation but severe interstitial inflammation and tubular necrosis are a feature
of late-stage renal disease in this mouse model.
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All mice sacrificed 3— 4 wk after remission induction had complete histologic and clinical
remission defined as a glomerular score <2 and an interstitial score <1. Mice sacrificed 5-14
wk after treatment had no proteinuria but were histologically similar to 23-wk-old mice with
new onset proteinuria, indicating that they had impending disease relapse (Fig. 1).

Early expression of inflammatory markers in the kidneys of prenephritic NZB/W mice

There was no glomerular Ab deposition (Fig. 2A) and no difference in the expression of any
of the inflammatory markers in the kidneys between 6- and 16-wk-old mice and these two
groups were pooled and used as controls for all subsequent analyses (6 —16 wk). Although the
kidneys of 23- wk-old nonproteinuric mice appeared histologically normal, faint staining of
the glomeruli with anti-lIgG was observed in all of the mice in this group regardless of levels
of anti-dsDNA Abs in the serum (Fig. 2B). Expression of a limited set of inflammatory markers
was increased in the kidneys of these mice compared with mice <16 wk of age (Fig. 2D). These
early markers included the chemokine CXCL13 (BLC) and its receptor CXCR5, CCL20
(MIP-3¢) and its receptor CCR6, and CCR8 whose ligand CCL1 is expressed by monocytes
and T cells. L-selectin (CD62L) was also increased, indicating migration of L-selectin-positive
lymphocytes into the kidney, as was GIcNAc2 (CHST4), a marker for high endothelial venules.
The negative regulatory molecules PD-1 and Foxp3 were also increased in the prenephritic
kidneys. H&E staining of the kidneys of prenephritic mice revealed small collections of
lymphocytes in the perihilar region but no cellular infiltration of the renal parenchyma and no
glomerular or interstitial damage (see Fig. 1). Foxp3 (see Fig. 7) and L-selectin staining (data
not shown) were confined to this perihilar region.

Expression of inflammatory markers associated with proteinuria onset and disease

progression

Bright staining with anti-IgG was observed in the glomeruli of proteinuric 23-wk-old mice
(Fig. 2C). Of 61 markers, 15 were up-regulated in the kidneys of these mice compared with
young or nonproteinuric controls. Several cytokines and chemokines were up-regulated in the
kidneys of these mice compared with age-matched nonproteinuric mice (23w NP). The five
cytokines were IL-1, TNF-a, IL-6, BAFF, and IL-10. The up-regulated chemokines were
CCL3 (MIP-1a), and CCL9 (MIP-1y) as well as the CCR2 receptor. In addition, up-regulation
of endothelial activation markers VCAM-1, E-selectin, and P-selectin was noted (Fig. 3). When
mice with new onset proteinuria (23w P) were compared with 6- to 16-wk-old mice, CCL2
(MCP-1), CCL5 (RANTES), CCR5, and CXCR3 were also found to be up-regulated (data not
shown).

We next determined which inflammatory markers were increased over the entire course of
disease compared with young mice. A comparison of all four untreated groups using ANOVA
showed that expression of 52 of 61 inflammatory markers analyzed increased over time as
disease progressed to the terminal stages (Table I). Only nine genes (IL-4, IL-12, IL-17,
PDL1, CX3CL1, CCL11, CCL21, and CXCL12) were not significantly up-regulated across the
four untreated groups during the disease course. Some of these genes (IL-4, PDL1, CCL21,
CXCL12) were not expressed at any time during the disease course, whereas others were
variably expressed in individual mice (e.g., IL-12 and IL-17 were expressed at high levels in
three of eight 36- to 40-wk mice tested but were not expressed in any mice at earlier disease
stages).

To further determine whether the expression of inflammatory markers in the kidneys
corresponded with disease stage, we performed two-dimensional cluster analysis of the data
from the four untreated groups. This analysis showed that the inflammatory kidney phenotype
corresponded with the presence or absence of proteinuria (Fig. 4) and with the glomerular (but
not interstitial) score. Two clearly distinguishable clusters accurately identified mice with and
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without proteinuria; all of the proteinuric mice had glomerular scores of >2, whereas all of the
nonproteinuric mice had glomerular scores <1.5. Furthermore, within the nonproteinuric
group, older mice segregated from younger mice and within the proteinuric group all mice with
new onset proteinuria clustered together (Fig. 4).

Change in expression of inflammatory markers upon remission induction

Because remission induction therapy was begun immediately upon development of proteinuria,
comparisons were performed between 23-wk-old mice with new onset proteinuria and mice
entering remission. Significant decreases were observed in expression of TNF-a, BAFF, IL-1,
IL-10, CCL2, and CCLS5 upon remission induction. When kidneys from mice sacrificed >5 wk
after remission induction, most of which had histologic evidence of impending relapse, were
compared with those from mice that had just entered remission expression of BAFF, IL-1,
IL-10, TNF-a, and CCL5 could again be detected along with increases in the T cell-expressed
molecules CCR7 and ICOS (Fig. 5A). Results of ANOVA analysis for the three groups are
shown in Fig. 5B.

Another marker weakly associated with disease remission was lipocalin-2 neutrophil
gelatinase-associated lipocalin, a marker of renal damage that is produced by tubular cells and
excreted in the urine (5,6). Lipocalin-2 was not expressed in the NZB/W kidneys before the
onset of proteinuria but increased 6-fold in mice with new onset proteinuria and >100-fold in
kidneys of mice with established proteinuria. Lipocalin-2 expression completely normalized
upon remission induction and although it began to increase again upon histologic relapse, there
was significant mouse to mouse variability and average values were only 2-fold over those of
young mice (Fig. 5B and Table I). These data show that lipocalin-2 is a marker for interstitial
rather than glomerular disease. Urinary NAG (7) may therefore be a useful candidate marker
for identifying patients with interstitial and tubular disease that carries a poorer prognosis and
for following responses to therapy in such patients.

Almost no differences were noted between the 3- to 4-wk post-treatment kidneys and the 23-
wk prenephritic kidneys; the only significant differences were in expression of CXCL13 and

ICOS-L (both higher in the remission Kidneys). Thus, remission induction returns the kidneys
to a late prenephritic state.

Flow cytometry and analysis of gene expression in sorted lymphocyte populations

The number of lymphoid cells in the kidneys of nephritic mice was significantly higher than
in young mice. Young kidneys contained fewer resident CD4 T cells (0.5 +0.1% in 6 =16 wk
Vs 2.6 + 2.2% in 36 — 40 wk; p < 0.02) and macrophages (1.4 £ 0.3% in 6 -16 wk vs 3.8 +
1.5% in 36 — 40 wk; p < 0.02) than old kidneys and had almost no B cells (0.07 + 0.02% in 6
-16 wk vs 0.8 £ 0.3% in 36 — 40 wk; p < 0.04) or dendritic cells (0.15 + 0.02% in 6 —16 wk vs
1.4 £0.2% in 36 — 40 wk; p < 0.02).

The cell surface phenotype of single-cell preparations from perfused kidneys of nephritic mice
was compared with that of spleen cells from the same mice using flow cytometry. The spleen
cell phenotype of young and nephritic NZB/W mice has previously been described in detail
(3,8). Nearly all lymphocyte populations were represented in the kidneys (Table Il and Fig. 6)
in proportions similar to those in matched spleens from the same mice. Both CD4 and CD8 T
cells were present in a 2:1 ratio (data not shown); the CD4 T cells, like those in the spleens,
were predominantly of the activated/memory (CD44MN9"CD62L!°W) phenotype and expressed
the early activation marker CD69 (Fig. 6, A and B). B cells were heterogeneous including
mature B cells (IgDM9MIgMint), class-switched cells (IgD~1gM") (Fig. 6C), and plasma cells
(Fig. 7). There was a notable absence of marginal zone cells (Fig. 6D) but large numbers of
B1 cells were present (Fig. 6E).
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A large population of CD11bMdh cells was present both in the kidneys and in the peripheral
blood of sick mice. In the peripheral blood, these cells were predominantly of the
Ly6ClowGr-1lowc D621 1owCD43NIh phenotype typical of M2 monocytes (Fig. 6, F and G).
There was a small population of Ly6CNignintGr1high ce|ls in the peripheral blood; these were
CD62LMINCDA43IM and CD11bIMCD11cM9" (data not shown), typical of M1 monocytes. In the
kidneys, the CD11b-positive cells were also predominantly Ly6'°% and Gr1!°W but they had
down-regulated expression of CD43 (Fig. 6, F and G). The renal CD11b-positive cells were
mostly F4/80M9" macrophages but there was also a smaller population of
CD11bF4/80MCD11cM9" dendritic cells (Table I and Fig. 6H). In contrast, analysis of CD11b-
positive cells in the spleens showed only a small population of F4/80"" cells and a larger
population of CD11cM9" cells (Fig. 6, H and J). Further analysis of the renal F4/80-positive
population showed up-regulation of both CD80 and CD86 compared with F4/80-positive
spleen cells (Fig. 6l).

We next compared the renal CD11b population from nephritic mice with that of resident
CD11b-positive cells from young mice. CD11b-positive cells from nephritic mice had
significantly higher expression of F4/80 (Fig. 7), CD11b, and Ox-40L (Fig. 6, K and L). Only
very small numbers of CD11b-positive cells were found in the spleens and peripheral blood
of young mice. To determine the location of inflammatory cells in the kidney,
immunohistochemical staining was performed for B220, CD138, CD4, CD8, F4/80, and
CD11c. Large perihilar collections first started to appear at the age of 23 wk and these consisted
of B cells, T cells, and CD11c-positive dendritic cells with a “cap” of F4/80-positive
macrophages (Fig. 7). With the onset of proteinuria, large numbers of strongly positive F4/80
interstitial macrophages appeared in the renal parenchyma and in and around the glomeruli
(Fig. 7, A-C) but not within the lymphoid aggregates (arrow, Fig. 7A). With further progression
of disease, large disorganized perivascular and periglomerular collections of mixed B cells, T
cells, and dendritic cells appeared within the kidney parenchyma, again surrounded by several
layers of macrophages (Fig. 7, D-F). Small numbers of CD4 T cells were also observed in the
interstitium and around glomeruli (Fig. 7E). In contrast, B cells, CD8 T cells, and dendritic
cells rarely invaded the interstitium but were confined to mixed inflammatory infiltrates around
blood vessels and occasionally around glomeruli (Fig. 7, D and F). Large numbers of plasma
cells were also found in the perihilar and periglomerular infiltrates (Fig. 7, L and M). Upon
remission induction, parenchymal infiltrates resolved, leaving just the initial perihilar
collections of cells (Fig. 7G). Although L-selectin and Foxp3 were expressed early in the
disease process mMRNA expression of these markers did not decrease after remission induction.
Immunohistochemistry revealed that both L-selectin (Fig. 7, N and O) and CD4*Foxp3-
expressing cells (Fig. 7, H-K) were still present in the perihilar collections of remission
kidneys, consistent with the gPCR data. Immunohistochemistry also confirmed expression of
IL-17 in lymphocytic aggregates in only a few of the older mice (data not shown).

As shown in Fig. 5, remission induction was associated with decreased expression of only a
small set of inflammatory mediators whose expression increased again during impending
relapse. To determine which cells were making IL-1, BAFF, TNF-q, IL-10, CXCRS5, and
CXCL13, we performed cell sorting from kidneys of mice with established proteinuria followed
by gPCR. We first established that lymphoid cells were making the markers of interest by
performing gPCR on separated lymphoid cells and intrinsic renal cells. Fig. 8 shows that
BAFF, IL-1, and CXCL13 were made by macrophages and dendritic cells, whereas IL-10 was
made by CD4 T cells and dendritic cells with less production by macrophages, CXCR5 was
made predominantly by B cells and TNF-o was made by all lymphoid cells except B cells as
well as by non-lymphoid cells. (Fig. 8). We also showed that CCL20 and lipocalin-2 were
made by intrinsic renal cells and that CCL5 was made predominantly by lymphoid cells but
the exact cellular origins of these three markers were not further examined (data not shown).

J Immunol. Author manuscript; available in PMC 2009 February 1.
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Our findings identify activated macrophages and dendritic cells as the source of critical markers
that herald proteinuria onset, remission, and impending relapse.

Discussion

The inflamed kidneys of patients with SLE and NZB/W F; mice contain many lymphocytes
around glomeruli, blood vessels, and in the interstitium (9-11). Our goal was to understand
the mechanisms of lymphocytic invasion of the kidneys in SLE nephritis, resolution of nephritis
induced by a combination cyclophosphamide and costimulatory blockade and, relapse
following cessation of therapy.

Changes in gene expression in the kidney became apparent before either glomerular or
interstitial inflammation could be detected by light microscopy and were associated with early
immune complex deposition in the glomeruli and formation of a disorganized collection of
lymphocytes in the perihilar region. Of the 17 chemokines tested, only CCL20 and CXCL13
and their monogamous receptors were up-regulated at this time. CCL20, a homeostatic
chemokine in gut and skin, is also expressed on inflamed endothelial cells (12). CCL20 has
been found in the lymph nodes and spinal cords of mice during the sensitization phase of
experimental autoimmune encephalomyelitis and may thus play an important role in the early
stages of autoimmune inflammation (13). The CCL20 receptor CCRG6 is expressed on memory
T cells, monocytes, and follicular and memory B cells (14) all of which were found in the
perihilar infiltrates.

CXCL13 is found in ectopic lymphoid tissues in other inflammatory diseases and has been
associated with focal B cell infiltrates in some diseases (15,16) and with accumulation of CD4-
positive T cells in others (17). The CXCL13 receptor CXCR5 was expressed predominantly
by B cells in the NZB/W kidney. CXCL13 has been reported to derive from CD11b/CD11c
myeloid dendritic cells in the NZB/W kidney (18) but our studies show that it is expressed
both by CD11b/CD11c8h dendritic cells and CD11b/CD11c™™ macrophages. Although
CXCL13 expression is regulated by lymphotoxin a1/42 in secondary lymphoid organs (19),
our data suggest that this is not the means by which it is up-regulated in the lupus kidney. Up-
regulation of CXCL13 by peripheral blood monocytes of NZB/W mice can be induced by
exposure to IL-1 and TNF-a (20).

Cells expressing regulatory molecules including Foxp3 also appeared in the kidney early in
the course of nephritis. Recently, it was reported that Foxp3-expressing T cells appear in the
CNS early in the course of experimental autoimmuune encephalomyelitis and remain in the
CNS during convalescence, similar to what we have observed here (21,22). However, presence
of these cells was not sufficient to prevent nephritis onset perhaps because activated effector
cells become resistant to suppression by regulatory T cells as a result of exposure to IL-6 and
TNF-a (22), both of which are highly expressed in the nephritic lupus kidney. PD-1, a CTLA4-
like molecule expressed on activated B and T cells, was also expressed early in the disease
course. In autoimmune diabetes, the interaction of PDL1, but not PDL2, on pancreatic cells
with PD-1 on lymphocytes mediates inhibition of inflammation in the early phases of disease
(23). In the NZB/W kidney however only increased expression of PDL2, a receptor expressed
predominantly on activated macrophages and dendritic cells (24) was detected.

Significant increases in the expression of several renal chemokines, endothelial activation
markers, and monocyte-derived chemokines were observed concomitant with the onset of
proteinuria. Four chemokines, CCL2 (MCP-1), CCL3 (MIP-1a), CCL5 (RANTES), and CCL9
(MIP-1y), were overexpressed at the onset of proteinuria. These chemokines have previously
been identified as crucial mediators of SLE nephritis in other mouse models and in humans
(25,26) and are produced both by intrinsic renal cells and by infiltrating lymphocytes. CCR5,
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the receptor for CCL3, and CCL5 and CCR2, the receptors for CCL2, were also up-regulated
at this time. These receptors have previously been identified on glomerular-infiltrating cells in
both murine and human SLE nephritis (25,27,28). Interestingly, CCR1, a receptor that can
interact with both CCL3 and CCLJ9, was up-regulated only in established disease. This is
consistent with studies showing that CCR1 is involved mainly in interstitial infiltration that
occurs in the later stages of disease (29).

The cytokine expression profile at the onset of proteinuria, namely, IL-1, IL-10, TNF-a, IL-6,
and BAFF, was suggestive of infiltration of the kidney with activated macrophages and
dendritic cells. Examination of sorted cell populations from nephritic kidneys showed that
macrophages and dendritic cells were the main source of BAFF, IL-1, and CXCL13 and that
IL-10 was made by both CD4 T cells and dendritic cells. BAFF is induced on myeloid cells
by TLR ligation and is a survival factor for most B cells. It has also been suggested that activated
macrophages express BAFF receptors and can stimulate their own survival via BAFF in an
autocrine fashion (30). This may help explain why BAFF blockade can induce remission in
nephritic NZB/W mice (3). IL-1, derived from infiltrating monocytes, is a pathogenic cytokine
in experimental immune complex glomerulonephritis and induces TNF-a production by
intrinsic renal cells (31). Sorting experiments showed that TNF-a derived from multiple cell
types including intrinsic renal cells but was regulated concomitantly with macrophage and
dendritic cell-derived cytokines, confirming its relationship with IL-1 expression. Although
systemic TNF-a protects against initiation of SLE (32), local TNF-a production can promote
nephritis once immune complex deposition has occurred (33). IL-10 is also pathogenic in the
NZB/W model (34) perhaps because it loses its anti-inflammatory properties in the setting of
chronic inflammation (35). Blockade of IL-1, IL-10, and TNF-a can all ameliorate nephritis
in mice and humans (36-38).

Established proteinuria and increasing renal damage were associated with extensive spreading
of the inflammatory response, creating a local chemokine and cytokine “storm.” Interestingly,
few T cell-derived cytokines were detected in the kidneys until the late stages of disease. In
particular, IL-17 was found in none of the mice with new onset proteinuria and in less than
half of the aged mice. This is in contrast to other autoimmune inflammatory diseases such as
multiple sclerosis and rheumatoid arthritis in which IL-17 is the predominant inflammatory
cytokine made by CD4 T cells (39). Similarly, ICOS, a marker of activated and memory T
cells, appeared relatively late in the disease course.

Because there have not previously been murine models of remission of lupus nephritis, little
is known about the mechanisms for remission and subsequent relapse of this disease. In
experimental immune complex disease, spontaneous remission is associated with complete
disappearance of inflammatory markers from the kidney (40); however, in our model there was
only partial resolution of the inflammatory phenotype. Disease remission was associated with
significant down-regulation of TNF-q, IL-1, BAFF, CCLS5, IL-10, and Ox-40L, nearly are all
expressed either entirely or in part by activated renal macrophages or dendritic cells. Histologic
analysis confirmed disappearance of both F4/80M9" and CD11cMi9h cells from the kidneys early
in the remission process (2); whether these cells died in situ following therapy or migrated out
of the kidney remains to be determined. Histologic disease relapse was associated with
reexpression of most of these markers, indicating return of activated monocytes to the kidney.
Studies in human SLE have similarly shown that clinical and outcome parameters correlate
with the degree of glomerular and tubular macrophage infiltration (41).

In nephritic mice, the renal dendritic cell and macrophage populations were segregated
topologically: dendritic cells were confined to foci of inflammatory cells surrounding blood
vessels and some glomeruli, whereas macrophages were found surrounding the lymphoid
aggregates, throughout the interstitium and surrounding area, and occasionally within
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glomeruli. We show here that the activated renal macrophages were phenotypically different
both from peripheral blood monocytes and from the resident macrophages found in young
NZB/W kidneys. Renal macrophages in the inflamed kidneys, like those in the peripheral
blood, were Ly6C!°W but they had acquired a high-level expression of F4/80 and increased
expression of CD11b, Ox-40L, CD80, and CD86, confirming an activated phenotype. Renal
macrophages also lost expression of CD43, a transmembrane glycoprotein that may have arole
in cell adhesion. Finally, these macrophages produced cytokines that can amplify the
inflammatory response, leading to irreversible renal damage. Thus, the renal macrophages in
the NZB/W kidney appear to be most like type Il-activated macrophages (also known as M2b
macrophages) that can be induced by ligation of Fc receptors and by exposure to TLRs (42,
43).

In summary, our studies show that there is an ordered progression of the inflammatory process
SLE nephritis that is recapitulated during relapse after remission induction therapy. We suggest
that therapy for SLE nephritis may require an initial combination regimen that depletes
activated effector cells followed by maintenance therapy that targets renal endothelial
activation, activation of monocytes, and their migration to the kidney.
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FIGURE 1.

Histologic scores of H&E sections of kidneys examined by light microscopy. The six groups
of mice used in this study are described in the text. Untreated mice are in black and treated
mice in gray. A, Glomerular scores and interstitial scores (B). Each symbol indicates an
individual mouse.
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FIGURE 2.

Early expression of inflammatory markers in NZB/W kidneys: upper panels, fluorescence for
IgG at 16 wk (A), 23 wk before proteinuria onset (B), and 23 wk at onset of proteinuria (C).
Data are representative of five mice examined in each group. D, Significantly up-regulated
(>2-fold) genes by SAM and t test (mean + 1 SD) in the kidneys of 23-wk nonproteinuric mice
(23w NP). Values are normalized to the mean of 6- to 16-wk mice given a value of 1. Data are
shown as log 2. Values of p for the up-regulated genes are p < 0.01 (*) or p < 0.001 (**) as

shown.
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FIGURE 3.

Genes up-regulated at the onset of proteinuria. Gene expression for age-matched mice with
(23w P) and without (23w NP) proteinuria was normalized to the mean of 6- to 16-wk controls
given a value of 1. Data are shown as log 2. Genes significantly up- or down-regulated (>2-
fold) by SAM and t test (mean + 1 SD) are shown. Values of p for the up-regulated genes are
p <0.01 (*) or p <0.001 (**) as shown.
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Two-way hierarchical cluster analysis of genes with significantly altered expression by
ANOVA in the four groups of untreated mice color coded as follows: 6w, green; 16w, light
blue; 23w NP, dark blue; 23w P, orange; and 36 — 40w, red. Proteinuria and renal glomerular
and interstitial scores are shown for each mouse. Gray squares indicate assay not done.
Nonproteinuric and proteinuric mice cluster separately. Within the nonproteinuric group, the
older mice almost all cluster together and within the proteinuric group the mice with new onset

proteinuria cluster together (yellow box).
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FIGURE 5.

Altered renal gene expression after remission induction. A, The genes that were significantly
altered 3— 4 wk after remission induction compared with mice with new onset proteinuria (23w
P) and genes that changed between early remission (3— 4w post) and the later stages of
remission in which relapse is impending (>5w post). Values were normalized to the mean of
young 6- to 16-wk mice given a value of 1. Data are shown as log 2. Genes significantly up-
or down-regulated (>2-fold) by SAM and t test (mean + 1 SD) are shown. Values of p for the
up-regulated genes are NS, p < 0.01 (*), or p < 0.001 (**) as shown. B, The individual results
for genes significantly different by ANOVA analysis in the three groups are shown in the upper
panel. Young mice are shown for comparison but were not included in the ANOVA analysis.
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FIGURE 6.

Flow cytometry analysis of renal-infiltrating cells: A—G, The upper plot shows spleen (A-E)
or PBMC (F and G) and the lower plot shows kidney cells from the same mouse. Cells were
gated on live cells and lymphocytes with further gates as shown above each set of plots. Renal
CDA T cells were activated and were similar in phenotype to those found in the spleen (A and
B). Renal B cells included follicular (IgMintigDNig") immature (IgMNig" 1gD!oW) and class-
switched (IgM!°WIgD!oW) cells (C), as well as Blcells (B220"" CD5M9M) (D). Marginal zone
B cells (CD23'°wCD21Mgh) were absent (E). Both peripheral blood and kidney CD11b-
positive monocytes were predominantly negative for Ly6C, but kidney cells had also down-
regulated CD43 (F and G), Kidney (gray histograms) and spleen cells (black histograms) from
matched mice are compared in H-J. Kidney CD11b cells consisted of a major population of
F4/80M9" macrophages (H) that had up-regulated CD80 and CD86 (1) and a smaller population
of CD11cMgh dendritic cells (J). Splenic CD11b-positive cells from the same mice contained
a small population of F4/80-positive cells that had not up-regulated CD86 and a large
population of CD11cM9" dendritic cells. Renal CD11b cells from young (gray histograms) and
nephritic mice (black histograms) are compared in K and L. CD11b cells from nephritic mice
have higher expression of CD11b (K) and Ox-40L (L). Results are representative of samples
from at least three mice examined in each group.
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FIGURE 7.

Immunohistochemical analysis of kidneys. A—F, Stained with PE-conjugated Abs as indicated
and counterstained with 4',6-diamidino-2-phenylindole (blue). A-C, F4/80M9" macrophages
are scattered throughout the renal parenchyma and are found surrounding glomeruli and form
a cap around perivascular and perihilar lymphoid aggregates. B cells and CD11c"9" dendritic
cells are found in the lymphoid aggregates, whereas CD4 T cells are found in aggregates and
around glomeruli (D-F). Note the virtual disappearance of macrophages from the kidneys of
mice in remission (G). H-K, Foxp3 staining of lymphoid aggregates from mice at different
disease stages as marked. Foxp3-positive cells appeared in the hilar aggregates early in disease
and did not disappear upon remission induction. L and M, Large numbers of plasma cells
localized mainly in the hilar aggregates of a 36-wk proteinuric mouse. N and O, Double staining
for CD4 and L-selectin (CD62L). L-selectin-positive T cells remained in the renal hilar
aggregate after remission induction. Images are x10 unless indicated otherwise. Images are
representative of at least three mice examined in each group.
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FIGURE 8.

Cellular source of key markers: fold induction of the indicated inflammatory markers in sorted
cells from the kidneys of nephritic mice shown as mean = SEM. Total kidney cells and sorted
lymphoid (Lym) and intrinsic renal cells (Int) were obtained from one group of five mice and
CDAT cells, CD19 B cells, macrophages, and dendritic cells were sorted from a second group
as described in the text. Significant differences between groups are as indicated (*, p < 0.03;
t,p<0.01; §, p<0.02; § p<0.001; 1, p <0.05).
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List of primers used for ANOVA analysis
Molecule Forward Sequence (5'-3") Reverse Sequence (5'-3")
APRIL CCG TGC CTACAATAGCTGC CCG TGG AAT TTT GAC AGT GAT
p-Actin ACC GTG AAA AGA TGA CCC AG AGC CTG GAT GGC TAC GTACA
BAFF AAT ATG CCC AAAACACTG CC CATCTCCTTCTT CCAGCCTC
CCL11 PPMO02967A-200 Superarray (Frederick, MD)
CCL19 AGG AGC CCT GTG TCT TGA GT GAG GCCTGG TCCTCTCTTCT
CCL2 AAG AGG ATC ACC AGC AGC AG GGT CAG CACAGACCTCTCTCTT
CCL20 GGT ACT GCT GGC TCACCT CT TGT ACG AGA GGC AAC AGT CG
CCL21 CTT TCT TAC CTG GCG GAG C TCC CTG GGAGACACTCTTTC
CCL3 CAAGTC TTC TCA GCG CCATA GGA ATCTTC CGG CTG TAG G
CCL4 CTC CAA GCC AGC TGT GGT AT GGC TCACTG GGG TTAGCAC
CCL5 GCA AGT GCTCCAATCTTGC CTTCTT CTC TGG GTT GGC AC
CCL8 TTCTTT GCC TGC TGC TCATA AGC AGG TGA CTG GAG CCT TA
CCL9 GAT TTATAG GTT ATT TTC CCA CCA GAA CCC CCT CTT GCT GAT AA
CCR1 PPMO0317A-200 Superarray (Frederick, MD)
CCR10 CAA GCC CAC AGA GCA GGT GCC ACC ATC AGG GAG ACA
CCR2 PPMO03176A-200 Superarray (Frederick, MD)
CCR5 GAG ACA TCC GTT CCC CCT AC GTC GGA ACT GAC CCT TGA AA
CCRG6 CCC TGG AAA GCT GGG TAA AG GAA TGT GAG GAC TAT TAG AAC TGT GAA
CCR7 GGT GGC TCTCCTTGTCATTT TCATCG GTGACCTCATCT TG
CCR8 AGA AGA AAG GCT CGC TCA GA GGC TCC ATC GTG TAATCC AT
CD138 CCCCTCCTT TGACTT CTG CCT GCAGTCGGG TCCCCTTTCT
CD40 PPMO03426A-200 Superarray (Frederick, MD)
CHST4 GGC AAG CAG AAG GGT TAG G CTG GGA ACC CAG GAACATC
CX3CL1 PPMO02959A-200 Superarray (Frederick, MD)
CXCL10 GCT GCCGTCATTTTC TGC TCT CAC TGG CCC GTC ATC
CXCL11 AGT AAC GGC TGC GAC AAA GT GCACCTTTGTCG TTT ATG AGC
CXCL12 CCA ACG TCAAGC ATC TGA AA CTGTTGTTGTTC TTC AGC CG
CXCL13 TCT GGA CCAAGATGA AGA AAGTT GCT TGG GGA GTT GAA GAC AG
CXCL16 GGC CTATGT GCT GTG CAAC GGA GTG TAC CAG AGC TGC AA
CXCL9 GAAGTCCGCTGT TCTTTT CCT GCATCG TGC ATT CCT TAT CA
CXCR3 GCT CTATGC CTT TGT GGG AG GCG TGAACAACATCCACATT
CXCR4 AAC CCCATCCTC TATGCCTT TGG GCAGAGCTTTTGAACTT
CXCR5 TGG GCT CCA TCA CAT ACA AT GGG AAT CTC CGT GCT GTT AC
CXCR6 TGG AAC AAA GCT ACT GGG CT ACT CTT GAT GCC CAT CAT CC
E-Selectin TCC TCT GGA GAG TGG AGT GC GGT GGG TCA AAG CTT CAC AT
Foxp3 AGA AGC TGG GAG CTATGC AG GCT ACG ATG CAG CAAGAG C
ICAM-1 GGG AAT GTC ACC AGG AAT GT GCA CCAGAATGATTATAG TCCAGT TA
1COS GCAGCT TTCGTT GTG GTACTC TGC ACACTGGATCCGTATTT
1COS-L GCT CTC CAC CAG AAC ATC ACT GGTTTCCTG TGG GTTCTT TG
IFN-y GCATTC ATG AGT ATT GCC AAG GGT GGA CCA CTC GGA TGA
I1L-10 GTG GAG CAG GTG AAG AGT GA TTC ATG GCC TTG TAG ACA CCT
IL-12A PPM03019A-200 Superarray (Frederick, MD)
IL-17 PPMO03023A-200 Superarray (Frederick, MD)
IL-18 GAT CCA CAC TCT CCA GCT GCA CAA CCA ACA AGT GAT ATT CTC CAT G
IL-2 TGA GAATTT CAT CAG CAATAT CA TCG AAT TGG CAC TCA AAT GT
IL-21 PPMO01684A-200 Superarray (Frederick, MD)
IL-4 CAT CGG CATTTT GAACGAG ACG TTT GGC ACATCC ATCTC
IL-6 PPM03015A-200 Superarray (Frederick, MD)
LCN-2 CCA TCT ATG AGC TAC AAG AGA ACA AT TCT GAT CCA GTA GCG ACA GC
LFA-1 TCC TTC CGG AAA GTG GAG AT GAG CTC CTC GCA GCT CAC
LIGHT CGA TCT CAC CAG GCC AAC TCC ACC AAT ACC TAT CAAGCT G
L-selectin GGT CAT CTC CAG AGC CAATC GGG GGT TGT AGT CACCTTCTT
Lymphotoxin a AAA CCT GCT GCT CACCTT GT AGA GCA GTG AGT TCT GCT TGC
MADCAM GAC CCCGAATTCCTCCTC GCA AGG AAG ACCAGT GCA A
Ox-40L GAC CCT CCA ATC CAA AGA CTC TCATTC TTG TAT GAG CTG ATG AAT
PD-1 GGG CAC TTG ACT CTC CCT ACT ATATCCCCCTTTCCTTCCCT
PDL1 ATC CTG TCT CAA AGG AAAGAC G TGA ACA GGT AAC AGA GGG GG
PDL2 CTT TCC GCA GGG AGA CAT CGG AGG AAATGA GGG CTAT
P-selectin PPM03205A-200 Superarray (Frederick, MD)
TGF-B TGG AGC AAC ATG TGG AAC TC GTC AGC AGC CGG TTACCA
TNF-a TGG GAG TAG ACA AGG TAC AAC CC CAT CTT CTC AAAATT CGAGTG ACAA
VCAM-1 AAG ACT GAAGTT GGC TCACAATTA GGC GAAAAATAGTTCTTGTTATGT T

J Immunol. Author manuscript; available in PMC 2009 February 1.



Page 21

Schiffer et al.

T€L 1Te veTT ¥8'e 12T €0 90-32T°C 181 88y 206 ST'S 622 00T unos|es-
TT 97’9 1€9 AN TT 120 90-300°'G 162 80'9 179 e 86'T 00T 1HOIT
86'T 150 85t e 8T'T 70 2000 STz T 77'S 9Ly LT 00T T-v41
18T 2€0 ¥€'95T €59 9.0 250 0T-322Y v 1.0 ZT8ET 18'G 6.0 00T Z-NOT
€Y 86'T 65'€S 16T 9T'T 680 10-392°€ 06'€ 19T 6T'LY 16°€ 160 00T 9-
16°€ vT'e 179 950 60'6 o SN e 86'C €99 T g8'e 00T 7
€6y 689 vy vT's 7.2 90T 1000 08'G 68’9 9zey 18'G AN 00T 121
10 950 4> 970 8€'0 90 10-316°C 12T 660 98¢ €9°0 S7'0 00T Al
T2ET 10T 9/°0€ 12 vS'T 260 SN 9Ly 96°0 0T8T 16T 88T 00T LT-1
8T'C /S0 G5/T 2.0 /ST 19°0 SN Sh'T 590 166 STT 8T'T 00T vZT-I
€5 59'0 12T 808 LE0 10T TT-3€9'9 Ty IST 65T GZ'0T 76'0 00T 0T-TI
€T 90 L8 €9°¢ S0 99°'0 60-36.°€ (44 ¥8°0 6TET 9L 260 00T g1
8r'e Sr'T ZroT G6'T €90 99°0 90-38¢'Y ETY AN £y 0T €82 15T 00T A-N4I
690 12¢ Sy'L G8'0 €0 €0 0T-39¢'T Sr'T 85¢C SZ'L 15T 1ZX0) 00T 7-S02I
202 720 95°¢ A 170 €0 2T-355°9 0Ly 6ET 088 802 8e'T 00T SO2I
290 €12 v6°€ €T €0 820 10-368'T 6.1 6T°C 18G 15T €80 00T T-WYOI
€Y ZrotT 9972 eLT 79'0 920 L0-37TT €0'L 958 6T z8'¢e 9.2 00T gdxo4
v8'y eey 66°'G 856 LLT GE0 80-355°€ €9°'L €0'S or'8 66°€T 822 00T unos|es-3
10 850 [4%> 670 220 670 G0-3€9°T 12T €T 1€ 9T 160 00T 94OX2
an 1247 92°0T 8eC 19 69°0 11-3/2°¢ 76’77 G8'9 0S'.T 0z'9 €0'S 00T GYOX0
€0T 820 e x4 ST'0 850 v0-3LY'T ITT 98'0 0L 12 76'0 00T 4OX0
960 650 62°G 28T €50 120 TT-32¢°S e vLT 6L 6C°€ 69'T 00T £4OX2
65T 66'0 Ty €50 92'0 €20 60-370°2 102 er'T TS 190 860 00T 610X0
650 1€0 €0'T ¥0'0 GE0 220 TT-3€0°T 9.T ¥8°0 6ee 7T 12T 00T 9TT0XO
9z’S 8Ly 6T'8T s 67T 770 €T-300'T €5°0T 88°0T 2978 76 9y 00T ET10X0
250 GE'0 1¥0 250 98'0 820 SN 0T 80T 2L0 660 8e'T 00T ZTI0X0
6T'T 0 65t €50 LT0 1€0 60-3S.°T eLT 00T 819 96'T 60'T 00T TTTOXO
60'T 670 S0'T €T G0 950 G0-3€ET ev'T 860 1€ 16T 290 00T 0T10X0
9€'0 we €eT Tt e 150 SN 82T 6T we G8'T €6'T 00T T10EX0
85T 679 e vze €eT 280 7000 €92 99°'§ €9°¢ 8L¢ 1£2 00T 71SHO
8T'T 50 T A GE0 920 90-3.6'6 88'T ST'T 7.2 or'ez S0'T 00T 0rao
50 209 ST'E €9°0 G0 v€0 90-309'T 66'T vS'S 7Sy 8T 0L'T 00T 8€TAD
161 129 GLTT /ST 76°0 670 90-370°C 8L 859 rveT g8 122 00T 8400
) L0 12€ 16T ¥9°0 820 90-358°2 09°¢ GZT ey 182 65’1 00T 1400
ST'9 v9'T 98'6 we vT'T 950 90-3¢8°€ vE'6 L7'e 00'TT G6'E 162 00T 9400
95§ 8y'e 88'97 60t §8'C 170 L0-3EV'T () aT’§ 1502 129 122 00T G400
G6'T ¥9'C 78S vLT GE0 70 80-312°€ 0. 6Y7'€ 4:p) €Sy 0z'T 00T 2400
8€'0 1ZX0] 682 2L0 19°0 o 2000 LT 18T G5 89'T ST 00T 0Td40D
12T LT 1.2 z€0 70 870 G0-399T T 09T 1487 780 6.0 00T 1400
60'T €L0 ST'9 287 €€0 SF0 ZT-359°T 98'T G6'T 858 157 660 00T 6100
76'0 60 776 €9°0 T 110 70-385'6 we G8'T 678 98'T G6'T 00T 8100
s¢e 9T €6 69 150 870 1T-391°€ €e9 90'C 65T S0'TT 69'T 00T 5100
€r'S 89'G 7085 9/°G 680 690 L0-3€T'9 9e'8 4% ve'ee 1e°1 8r'T 00T 7100
9T, 102 70'65 659 ve'T 69°0 80-3rL'¥ 69°0T ST'9 121 G7'6 69'T 00T €100
an an €0 6£0 LE0 €e0 SN anN anN 80T €T €0'T 00T 127100
€L 697 1522 6TV ve'T 80 ZT-30L°€ 66'L 86C Ly've 186 90°€ 00T 02100
97T 60 66°€ GZ'T 950 Ge0 0T-387'C €ee 60'T 0.9 8e'e 86'T 00T 2100
v.°0 9e'0 85T 250 9€'0 LE0 90-365°€ €8T €T 1€ 86'T eeT 00T 67100
¥2°0 6.0 99°0 T L0 €50 SN 6T°0 080 1.0 89'T 260 00T 11100
wt G20 159 Sr'y €20 70 60-3.T'6 182 €60 0Z'8 0SS 68°0 00T d4vd
620 8T'0 102 €20 €20 9g'0 8000 T G0 87'C ST w2t 00T T14dY
Wdd NYO MOY—9€ d Mg MeZ M9T-9 d parsnipy Ndd NYO MOY—9€ d Mgz Mgz M9T-9
as abelany

NIH-PA Author Manuscript

HOdb Aq pazAjeue sdnoub |[e 1o} siexrew Alojewwe]sul Jo SanjeA Jo s pue uesin

Il 9|qeL

NIH-PA Author Manuscript

NIH-PA Author Manuscript

J Immunol. Author manuscript; available in PMC 2009 February 1.



Page 22

Schiffer et al.

'sdnoJf pareasiun anoy ayy 1o} pawioiad chw:mQEoom

2.0 96°C 9Ty ¥0'T 520 GE0 1T-329°C €8'T Y2 () v€'2 60 00T T-NVOA
6€ €L°0 £V'9 66'€ 0 /S0 2T-3avLe 89°'G 0z'T 12°0T 1€'6 15T 00T 0-4N1
2L0 98¢ 9e2 870 €0 L¥0 9000 20T 122 ¥9'C 19T €60 00T g-491
86°0 297 1022 9z'T 86°0 250 G0-397'T 022 't 97T 20 v0'T 00T unosjes-d
€e'T 69'T 76'8 ¥0'2 €90 €L°0 G0-3€€C 62T 86'T 74 08¢ AN 00T 21ad
950 8v°0 %0 690 G20 290 SN 92T 880 vZ'T ¥S'T ¥6°0 00T 11ad
9L'L S0 1582 206 96°0 170 eT-3EV'Y 66°0T ISy 9z's¢e €9'6 82'¢C 00T 1-ad
780 1.0 €2'S 9e'T ¥2'0 6€0 0T-32T'°€ 62'¢C 90T s 19'¢C €T 00T 0¥-XO
8T'S 10T 68'S eLT Sy'T 0 2000 1L°€ €02 11§ €0'€ eTe 00T WYOaviN
80'T 1GT GE'T 220 890 L¥0 ¥0-380°S €e'e 012 v5'C vT'T vZ'T 00T ouIxojoydwA
NYd NYD MOY—9€ dmeg MEZ MIT-9 d Parsnlpy NYd NYD MOY—9€ dmeg MEZ MIT-9
as abetany

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

J Immunol. Author manuscript; available in PMC 2009 February 1.



