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Abstract

Dendritic cells (DCs), known to support immune activation during infections, may also regulate
immune homeostasis in resting animals. Here we show that mice lacking A20 specifically in DCs
spontaneously exhibited DC activation and expansion of activated T cells. DC-specific epistasis
experiments using A20f/fl Myd88f/fl Cd11c-Cre compound mice revealed that A20 restricts both
MyD88-independent signals, which drive DC and T cell activation, and MyD88-dependent
signals, which drive T cell expansion. In addition, A207/fl Cd11c-Cre mice spontaneously
developed lymphocyte-dependent colitis, sero-negative ankylosing arthritis and enthesitis,
conditions stereotypical for human inflammatory bowel disease (IBD). These findings indicate
that DCs require A20 to preserve immune quiescence and suggest that A20-dependent DC
functions may underlie IBD and IBD-associated arthritides.
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Introduction

Results

Immune homeostasis in resting animals has long been considered a consequence of the
absence of infectious or inflammatory stimulation. However, recent studies suggest that
immunostimulatory ligands such as microbial molecules may be sensed in non-perturbed
animals’™. This notion has raised multiple questions regarding which ligands are delivered
to host cells under basal conditions, which immune cells respond to such ligands and how
these cells regulate their responses to these ligands.

Dendritic cells (DCs) are specialized sentinels that detect inflammation or microbial
pathogens via mutiple receptors, such as tumor necrosis factor (TNF)-receptors and Toll-like
receptors (TLR)>8. During overt immunization or infection, these stimuli cause DCs to
upregulate expression of major histocompatibility complex (MHC) molecules, T cell
costimulatory molecules and cytokines, thereby recruiting and activating other immune
cells®78. As TLR ligands are expressed by commensal microbes and as host nucleic acids
can trigger inflammatory pathways®19, it is possible that host cells such as DCs may also
encounter activating ligands during steady state conditions. In this context, the nature,
duration and/or intensity of signals in DCs may determine whether and how DCs stimulate
innate and adaptive immune cells®11:12. Thus, intracellular proteins that regulate these
signaling pathways could play critical roles in controlling DC activation and immune
homeostasis during steady state conditions.

A20 is a potent anti-inflammatory protein that utilizes de-ubiquitinating, E3 ligase and
ubiquitin binding functions to regulate NF-xB signaling314. Genetic and biochemical
studies indicate that A20 restricts TNF, TLR, nucleotide-binding oligomerization domain
protein (NOD) and CD40 activation signals by editing ubiquitin chains on key signaling
proteins that transduce these signals14-18, A20-deficient mice spontaneously develop severe
inflammatory disease and perinatal lethality, indicating that A20 preserves immune
homeostasis419. In addition, single nucleotide polymorphisms (SNPs) in the human A20
locus (also known as TNFAIP3) have been associated with several human autoimmune
diseases, including systemic lupus erythematosus2%-21, rheumatoid arthritis 22:23,
psoriasis?425, and celiac disease?®, suggesting that altered A20-dependent functions
contribute to human autoimmunity. Given the critical roles of A20 in restricting diverse
activating signals, and the potential roles such signals play in DC functions, we
hypothesized that A20 expression in DCs may be important for immune homeostasis. To
investigate the roles of A20 in regulating DC functions, we have generated mice in which
A20 expression is deleted specifically in dendritic cells.

A20 prevents spontaneous DC activation

To determine the relative expression of A20 in DCs during steady state conditions, we
analyzed mRNA in conventional DCs (cDCs—CD11c" Ly6C~ MHC-11*) and plasmacytoid
DCs (pDCs—CD11c'® CD11b™ Ly6C* B220™) purified from spleens of wild-type mice.
While the relative expression of interleukin 13 mMRNA was markedly disparate between
cDCs and pDCs, A20 mRNA was similarly expressed by both cDCs and pDCs (Fig. 1a). To
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determine whether A20 regulates DC functionality, we generated mice carrying a loxP-
flanked allele of A20 and bred these mice to Cd11c-Cre transgenic mice (Supplementary
Fig. 1a)1827, Consistent with prior reports of “floxed” (FL) alleles deleted by the Cd11c-Cre
transgene, recombination and deletion of the loxP-flanked A20 exon occurred at high
efficiency in cDCs (and slightly lower efficiency in pDCs) of A20f/fl Cd11c-Cre mice
(Supplementary Fig. 1b—e)27. In contrast to animals globally deficient in A20 (A20~/~
mice)19, A207fl Cd11c-Cre mice were grossly healthy until at least 6 months of age (data
not shown). Thus, A20 deficiency in DCs does not cause the cachexia and perinatal lethality
seen in A207/~ mice.

Conventional DCs and plasmacytoid DCs, the two main DC populations in the spleen, were
readily detectable in A207/fl Cd11c-Cre mice, indicating that A20 was not required for DC
development (Fig. 1b). During steady state, DCs exhibit modest expression of MHC and T
cell costimulatory molecules. Activation of DCs triggers the upregulation of these molecules
at the cell surface. To determine whether A20 restricts DC activation, we analyzed cell
surface expression of these activation markers on DCs from A20/fl Cd11c-Cre mice. cDC
expression of the costimulatory molecules CD80 and CD40 (but not CD86) was increased
when compared to control A20*/* Cd11c-Cre mice, indicating that A20-deficient DCs were
spontaneously activated in vivo (Fig. 1c,d). Similarly, while pDCs of control mice were
uniformly low for MHC class Il expression, approximately 50% of pDCs in A20/fl Cd11c-
Cre mice expressed abundant MHC class Il (Fig. 1e). Expression of costimulatory molecules
CDB80, CD86 and CD40 was increased more than 3-fold on A20-deficient pDCs (Fig. 1f,g).
Thus, A20 expression in DCs prevents their spontaneous activation in vivo.

A20 prevents DC-triggered splenomegaly and lymphadenopathy

During overt immunization or infection, increased expression of costimulatory molecules
and cytokines by DCs drives immune cell recruitment and activation. To determine whether
A20 expression in DCs maintains immune homeostasis, we examined lymphoid organs of
A20%/fl Cd11c-Cre and control Cd11c-Cre mice. Despite appearing outwardly healthy,
A20Mfl Cd11c-Cre mice developed marked splenomegaly and lymphadenopathy within
three weeks of birth (Supplementary Fig. 2), accumulating large numbers of CD11b*
inflammatory myeloid cells, including F4/80" CD169~ monocytes (Fig. 2a—d and data not
shown). These cells comprised nearly 50% of all immune cells in the spleen and greater than
5% of lymph node cells (Fig. 2a,c). Compared to controls, lymph nodes from A20/fl Cd11c-
Cre mice contained ten fold more inflammatory CD11b* F4/80 cells and five fold more B
cells and T cells, including CD4* CD25" FOXP3* regulatory T cells (Fig. 2d). These
findings indicate that A20 expression in DCs prevents expansion of both innate and adaptive
immune cells at steady state.

Loss of DCs results in myeloid expansion?829, We thus sought to determine whether the
myeloid expansion observed in A20f/fl Cd11c-Cre mice represents a loss or gain of DC
functions. We generated radiation chimera wherein wild-type mice were reconstituted with
roughly equal proportions of A20f/fl Cd11c-Cre and wild-type hematopoietic cells. In such
mice, the potential loss of immunosuppressive function(s) by A20-deficient DCs would be
compensated for by the wild-type DCs. Four weeks after irradiation, spleens of
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hematopoietic chimeras were enlarged greater than four-fold and contained large numbers of
activated monocytes compared to mice reconstituted with control A20*/* Cd11c-Cre
hematopoietic cells (Fig. 2e,f). These results suggest that A20-deficient DCs induce
splenomegaly and myeloid cell expansion in a physiologically dominant fashion over wild-
type DCs.

To begin to determine how A20-deficient DCs cause myeloid expansion, we first stimulated
A207~ or A20*"* bone marrow-derived dendritic cells (BMDCs) with lipopolysaccharide
(LPS). After LPS stimulation, A20~~ DCs produced three-fold more 1L-6 and ten-fold more
TNF and IL-12 than control DCs (Fig. 2g). Thus, A20 directly restricts DC responses to
LPS. Production of IL-10 and type | interferons (IFNs) were also enhanced in A20~/~ DCs,
indicating that loss of A20 did not preclude expression of these cytokines (Fig. 2g, right,
Supplementary Fig. 3). To test the ability of A20™~ DCs to acutely recruit myeloid cells in
vivo, we labeled LPS-activated DCs with CFSE, injected them into the footpads of wild-type
mice and then quantified both the number of DCs (CFSE*) that had migrated to the draining
lymph nodes and the numbers of monocytes (CFSE~CD11b * F4/80*) recruited to these
lymph node after 24 hours. While the number of A20~/~ and control DCs obtained from
draining lymph nodes was similar (< 0.025% of all cells, data not shown), greater numbers
of monocytes were recruited to lymph nodes in recipients of A20~/~ DCs than mice
receiving control DCs (Fig. 2h). Therefore, activated A20~/~ DCs induce more myeloid
inflammation than wild-type DCs.

To determine whether A20~/~ DCs drive myeloid inflammation by producing pro-
inflammatory cytokines, we tested the involvement of TNF and IL-6 in this acute process.
After adoptive transfer of LPS-activated A20~~ DCs into footpads of wild-type mice,
antibody-mediated blockade of either IL-6 or TNF partially inhibited myeloid cell
recruitment into draining lymph nodes (Fig. 2i). Combined with the observation that A20f/fl
Cd11c-Cre mice express twenty five fold elevated serum concentrations of IL-6 (Fig. 2j),
these experiments suggest that A20 suppresses DC production of inflammatory cytokines,
thereby preserving myeloid cell homeostasis.

A20 expression in DCs preserves T cell homeostasis

Development, homeostasis and activation of T lymphocytes are dependent on DC functions.
Intrathymic T cell development, including that of regulatory CD4*CD25*FOXP3* T cells
was normal in A207/fl Cd11c-Cre mice (Fig. 3a,b). In the periphery, regulatory T cell
populations (percentage of total CD4* T cells) and their relative expression of FOXP3 were
normal in A20T/fl Cd11c-Cre mice and were numerically increased, similar to the expansion
we observed for conventional CD4* and CD8* T cells (Fig. 3b, 2d and data not shown).
Thus, DCs do not require A20 to support development and maintenance of regulatory T
cells. In contrast, peripheral homeostasis of conventional T cells was grossly disrupted in
A20Mfl Cd11c-Cre mice. Nearly 50% of splenic T cells expressed the early activation
marker CD69, compared to only 10% in control A20**Cd11c-Cre mice (Fig. 3c,d).
Additionally, the percentages and numbers of activated CD44"NCD62L'° CD4* and CD8* T
cells were increased in A20f/fl Cd11c-Cre mice (Fig. 3e,f). These results indicate that A20
expression in DCs prevents the spontaneous activation of T cells. In addition, although
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heterozygous A20*/fl Cd11c-Cre mice did not exhibit splenomegaly or expansion of myeloid
cells, the numbers of activated T cells in these mice were consistently increased more than
two-fold when compared to A20**Cd11c-Cre control mice (Figs. 2a,c, Supplementary Fig.
2, 3e,f). Thus, haplo-insufficient expression of A20 in DCs compromises their ability to
preserve T cell quiescence.

Spontaneous DC activation, T cell activation and T cell expansion occurred by three weeks
of age in A20/fl Cd11c-Cre mice. These findings suggest that A20-deficient DCs potently
induce naive T cell activation and proliferation. Consistent with this hypothesis, A20~~ DCs
drove aberrant T cell activation in a physiologically dominant fashion over wild-type DCs in
mixed hematopoietic chimeras (Supplementary Fig. 4). Additionally, antigen-pulsed A20™/~
BMDCs induced robust T cell responses as did A20*/fl Cd11c-Cre mice immunized with
ovalbumin (Supplementary Fig. 5). To further determine how A20-deficient DCs disrupt T
cell homeostasis, we adoptively transferred CFSE-labeled, naive, wild-type CD8* T cells
into A207/fl Cd11c-Cre and control A20** Cd11c-Cre mice. These polyclonal T cells
developed normally in wild-type mice and hence their homeostasis in recipient A20f!/fl
Cd11c-Cre mice depended entirely on regulatory controls in peripheral lymphoid organs.
Ten days after adoptive transfer, greater than 95% of transferred T cells remained naive in
control Cd11c-Cre mice (Fig. 3g). In contrast, within three days, a significant proportion of
transferred CD8" T cells were converted into CD44NMCD62L!° activated T cells in A20f/
Cd11c-Cre mice, and nearly all transferred cells were activated ten days post transfer. In
addition, within these ten days, transferred CD8" T cells underwent multiple cellular
divisions in A20f/fl Cd11c-Cre mice, while no significant proliferation occurred in control
Cd11c-Cre mice (Fig. 3h). Similar results were observed with TCR transgenic OT-1 CD8* T
cells (Supplementary Fig. 6). These observations indicate that A20-deficient DCs deliver
potent signals that induce aberrant activation and proliferation of naive CD8" T cells even in
the absence of overt immunization.

At steady state, DCs can support antigen-specific T cell tolerance in peripheral lymphoid
organs1:30-32 To determine whether aberrant T cell activation driven by A20-deficient DCs
compromised induction of peripheral tolerance, we adoptively transferred OT-11 CD4* T
cells into five week old A207/fl Cd11c-Cre and control Cd11c-Cre mice, and then
administered a tolerizing dose of cognate ovalbumin-derived peptide (OVAp)1233, Ten days
after peptide injection, A20* Cd11c-Cre recipients of OVAp contained ten fold fewer OT-II
T cells than did mock treated Cd11c-Cre mice (Fig. 3i), consistent with tolerization via T
cell deletion. In marked contrast, injection of OVAp into A20f/fl Cd11c-Cre mice induced
three-fold expansion of OT-II T cells. Taken together, peptide-induced proliferation resulted
in thirty-fold more OT-11 T cells in A20f/fl Cd11c-Cre mice than in tolerized control Cd11c-
Cre mice (Fig. 3i, right). Thus, A20%/fl Cd11c-Cre mice not only failed to induce peripheral
deletion of OT-I1 CD4* T cells, but also induced remarkable antigen-specific expansion of
these T cells under tolerizing conditions. These results indicate that A20 expression in DCs
prevents promiscuous T cell activation, aberrant proliferation and disruption of peripheral T
cell tolerance.
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A20 inhibits MyD88-independent signals in DCs to preserve DC and T cell quiescence

DC activation in A207/fl Cd11c-Cre mice in the absence of overt stimulation suggests that
A20 restricts intracellular signaling cascades in DCs that are triggered by commensal and/or
endogenous ligands during steady state conditions. The nature of such signals and how they
regulate steady state DC functions are unknown. As A20-deficient DCs were hyper-
responsive to TLR ligands, we interrogated the role of MyD88 signals in DCs by
interbreeding A20f/fl Cd11c-Cre mice with Myd88f/fl mice34. The resulting compound
A20MfIMydgsf/fl Cd11c-Cre mice lack both A20 and MyD88 specifically in DCs. We then
used these mice to determine which A20-restricted signals in DCs were MyD88-dependent
and which were MyD88-independent.

To determine the nature of steady state signals that are regulated by A20, we first analyzed
expression of activation markers on DCs from A207/fIMyd8gf/fl Cd11c-Cre and control
mice. Comparable to A207/fl Cd11c-Cre mice, DCs from A20f/fIMyd8sf/fl Cd11c-Cre mice
spontaneously expressed high levels of CD80 and CD40 (Fig. 4a). Thus, MyD88 signals
were not required to trigger spontaneous activation of A20-deficient DCs in vivo. Similar
results were obtained from A207/fl Cd11c-Cre mice that were globally MyD88-deficient
(Myd88~/~ mice) (Fig. 4b), confirming that steady-state stimuli that trigger DC activation in
A20f/Tl cd11c-Cre mice do not require MyD88 signaling in DCs or any other cell type.
Thus, in resting animals, A20 restricts MyD88-independent signals in DCs to prevent
spontaneous DC activation.

To determine the consequences of these disregulated MyD88-independent signals on T cell
homeostasis, we analyzed lymph node T cells from A20f/fIMyd88f/fl Cd11c-Cre and control
mice. The percentages of activated CD44NCD62L!° CD4* and CD8* T cells were increased
four to five fold when compared to control Myd88/fl Cd11c-Cre mice (Fig. 4c). Moreover,
the percentages of activated T cells in A20f/fIMyd88fl/fl Cd11c-Cre mice were comparable to
that of A207/fl Cd11c-Cre mice, indicating that MyD88-independent signals that trigger DC
activation also drive aberrant activation of T cells.

The findings above suggest that high expression of costimulatory molecules on A20-
deficient DCs inappropriately stimulates T cells and disrupts T cell homeostasis. To test this
notion, we adoptively transferred polyclonal, naive wild-type CD8* T cells into A20f/f!
Cd11c-Cre mice and administered non-depleting blocking antibodies to CD80 and CD86
over the course of nine days. While the majority (69%) of transferred T cells became
cD44hicpe2L! in A20f/fl Cd11c-Cre recipients of isotype control antibodies, blockade of
CD80 and CD86 reduced the percentage of activated T cells in A207/fl Cd11c-Cre mice to
just 23% (Fig. 4d,e). On average, blockade of costimulatory molecules in A20f/fl Cd11c-Cre
mice inhibited the aberrant activation of adoptively transferred CD8" T cells by more than
60% (Fig. 4f). Aberrant proliferation of adoptively transferred CD8" T cells in A20fV/
Cd11c-Cre mice was also antagonized by CD80 CD86 blockade (Fig. 4g,i). Taken together,
these findings indicate that A20 restricts MyD88-independent signals in DCs that can trigger
spontaneous DC activation, upregulation of costimulatory molecules and drive aberrant T
cell activation.
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A20 inhibits MyD88-dependent signals in DCs to prevent aberrant T cell expansion

Comparisons of A20M/fiIMyd88f/fl Cd11c-Cre mice and A20f/fl Cd11c-Cre mice also allowed
us to determine the role of MyD88-dependent signals in DCs that control immune
homeostasis. Total cellularity and lymphocyte numbers were largely normal in
A207TIMyd8sfl/fl Cd11c-Cre mice, in marked contrast with gross lymphadenopathy in
A20ffl cd11c-Cre mice (Fig. 5a). This finding indicates that hyper-responsiveness of A20-
deficient DCs to steady-state MyD88 signals drives aberrant lymphocyte expansion in
A20ffl Cd11c-Cre mice.

To determine how unrestricted MyD88 signaling in DCs perturb T cell homeostasis, we
measured the cytokines produced by A20~/~, A20~~ Myd88~/~ DCs, and other control DCs
in response to LPS. While A20™~ DCs produced markedly more TNF and IL-6 than wild-
type DCs, A20~/~ Myd8~/~ DCs produced only 10% that of A20~/~ DCs. Hence, A20 inhibits
the production of these MyD88-dependent cytokines in DCs (Fig. 5b). To test whether these
DC products may support T cell expansion in A20f/fl Cd11c-Cre mice, we adoptively
transferred wild-type CD8* T cells into A20f/fl Cd11c-Cre mice and administered blocking
antibodies to either IL-6 or TNF. Blockade of either of these cytokines resulted in
approximately 50% reduction in CD8" T cell proliferation, indicating that overexpression of
these cytokines in A20f/fl Cd11c-Cre mice induce T cell expansion (Fig. 5¢c). Antibody-
mediated blockade also inhibited T cell activation, suggesting IL-6 and TNF additionally
contribute to aberrant DC-driven T cell activation. Thus, A20 restricts MyD88-dependent
signals in DCs to limit production of cytokines that drive aberrant T cell expansion.

A20-dependent DC functions prevent colitis

Given the genetic association of TNFAIP3 SNPs with human autoimmune diseases, we
analyzed A20f/fl Cd11c-Cre mice for the development of these conditions. We did not detect
an increase in serum immunoglobulin, DNA-specific antibodies or immunoglobulin deposits
in kidneys of A20f/fl Cd11c-Cre mice (data not shown). However, by five months of age,
100% of A20%/fl Cd11c-Cre mice developed an inflammatory bowel disease in which colons
were enlarged in diameter, contained foci of expanded immune cells in the lamina propria,
and were depleted of goblet cells (Fig. 6a,b). These mice also had increased numbers of
splenic IFN-y producing CD4* T cells (Fig. 6c). Although two to three month old A20V/f
Cd11c-Cre mice did not exhibit overt colitis, these younger mice had markedly elevated
titers of serum immunoglobulin A, a pathology consistent with perturbed bowel homeostasis
(Fig. 6d)35:36. Moreover, these pre-colitic A20f/fl Cd11c-Cre mice exhibited increased
susceptibility to dextran sodium sulfate (DSS)-induced colitis. DSS treated A20%/fl Cd11c-
Cre mice suffered exaggerated weight loss, with several mice requiring euthanization, while
control Cd11c-Cre mice showed only moderate weight loss and diarrhea (Fig. 6e). Taken
together, these results indicate that DCs require A20 to maintain intestinal immune
homeostasis and to restrict epithelial damage-triggered colitis.

Misregulated activation of either innate or adaptive immune cells can compromise bowel
homeostasis3”:38. To determine whether spontaneous colitis in A20f/fl Cd11c-Cre mice
required lymphocytes or was mediated solely by activated myeloid cells we interbred A20V/
Cd11c-Cre mice with lymphocyte-deficient Ragl™~ mice. Although high numbers of
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myeloid cells accumulated in the spleen, histological analysis of colons from compound
A20f/fl Cd11c-Cre Ragl ™~ mice indicated that bowel inflammation did not occur (Fig.
6f,g). Thus, spontaneous colitis in A207/fl Cd11c-Cre mice requires DC-induced disruption
of adaptive immune cell homeostasis.

The absence of colitis in A207/fl Cd11c-Cre Ragl~~ suggested that A20-deficient DCs
stimulated excessive T cell activation in intestines of A20M/fl Cd11c-Cre mice to cause
inflammatory bowel disease. To directly test this pathophysiological mechanism, we
adoptively transferred naive wild-type CD4* T cells into A207/fl Cd11c-Cre Ragl™~ and
control Cd11c-Cre Ragl™~ mice, and monitored these animals for the development of
colitis. T cell complemented A207/fl Cd11c-Cre Ragl~'~ mice rapidly lost weight and
developed diarrhea within weeks after T cell transfer, frequently necessitating euthanasia
due to excessive weight loss (Fig. 7a). During the same time period, T cell complemented
A20*f Cd11c-Cre Ragl™~ and A20* Cd11c-Cre Ragl™~ mice lost only modest amounts of
weight. Grossly, spleens of A20f/fl Cd11c-Cre Rag1 ™~ mice were more enlarged, and
colons were shorter and thicker than those of control mice (Fig. 7b, Supplementary Fig. 7a).
Histological analysis confirmed that the colonic lamina propria of A20%/fl Cd11c-Cre
Rag1~/~ mice were infiltrated with large numbers of inflammatory cells (Supplementary Fig.
7b,c). Taken together, these results indicate that A20-deficient DCs induce rapid activation
and proliferation of T cells that leads to T cell-mediated colitis in A20%/fl Cd11c-Cre mice.

A20 SNPs are associated with human Crohn’s disease

Single nucleotide polymorphisms (SNPs) in the human TNFAIP3 locus have been associated
with several autoimmune diseases, including systemic lupus erythematosus (SLE)2%-21, and
rheumatoid arthritis?223, Because A207fl Cd11c-Cre mice did not manifest overt
autoimmunity but had perturbed intestinal homeostasis, we investigated whether TNFAIP3
SNPs may be associated with human Crohn’s disease (CD), an inflammatory bowel disease
(IBD). We analyzed a whole genome scan of CD patients and healthy controls from the
Welcome Trust Case-Control Consortium (WTCCC)39. Out of 443 genotyped or imputed
SNPs from the TNFAIP3 locus, we identified 28 SNPs (P < 0.01), 11 of which were highly
significant (P < 107°) for association with CD (Supplementary Fig. 8). We confirmed an
association with SNP rs7753394 39 (P = 3.9 x 107%), and identified 3 new SNPs of even
higher significance (P > 2 x 1076) among CD patients. Our top SNP was imputed SNP
rs2683064, with a P -value of 1.8 x 1076, and odds ratio of 1.25 (95% CI 1.14 — 1.36).
Furthermore, conditional analysis of each locus to the top SNP indicated that the multiple
signals in this region were due to linkage disequilibrium, with a single CD-associated locus.
These associations suggest that in addition to other autoimmune diseases, A20 regulates
susceptibility to human inflammatory bowel disease. Taken together with the susceptibility
of A207fl Cd11c-Cre mice to colitis, these results reinforce A20 functions in DCs as critical
to prevent inflammatory responses and preserve intestinal homeostasis.

A201fl Cd11c-Cre mice develop IBD-associated arthritis

Colitis in human patients is frequently associated with a subset of sero-negative arthritic
diseases. We thus examined A207/fl Cd11c-Cre mice for the development of arthritis.
Intriguingly, approximately 10% of A207/fl Cd11c-Cre mice spontaneously developed gross
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limb joint inflammation within 4-6 months of age (Supplementary Fig. 9). Histopathological
analyses revealed marked synovitis and inflammatory infiltrates surrounding the tendon and
entheses in arthritic A20f/fl Cd11c-Cre mice (Fig. 8a—f). Acute arthritis and macroscopic
joint swelling resolved within weeks after disease onset (data not shown), but histopathology
of joints from one year old mice revealed ankylosis, bone cysts and abnormal formation of
bone and cartilage at joint surfaces (Fig. 8g—j). Thus, upon the onset of arthritis, chronic
inflammation of the joint and bone likely persisted throughout the lifetime of the afflicted
animals. During the acute and chronic phase of arthritic disease, we consistently observed
enthesitis at tendon insertion sites of the tibial-talar joints (Fig. 8d, g—j). This finding was
particularly intriguing since enthesitis is a hallmark of spondyloarthropathies, a
heterogeneous group of sero-negative rheumatic diseases that occur in a subset of human
IBD patients. To immunophenotype the spontaneous arthritis observed in A20f/fl Cd11c-Cre
mice, we tested sera from arthritic animals (acute and chronic) for the presence of
autoantibodies related to arthritic disease. All animals had negligible serum titers of
rheumatoid factor, anti-nuclear antibodies, and anti-cyclic citrullinated peptide (CCP), the
best characterized immunoglobulin determinants of rheumatoid arthritis (Fig. 8k). Thus,
A20ffl Cd11c-Cre mice spontaneously develop chronic, sero-negative, ankylosing arthritis
with severe enthesitis.

In human IBD patients, these pathologies often include spondyloarthritis involving the axial
skeleton0. To determine whether arthritis in A20/fl Cd11c-Cre mice extended beyond the
peripheral joints, we analyzed micro-computed tomography (micro-CT) scans of A20fl/fl
Cd11c-Cre and control mice. Micro-CT analyses confirmed the presence of bone erosions
throughout the limb joints and vertebrae of A20f/fl Cd11c-Cre mice (Supplementary Fig.
10). Thus, A20T/fl Cd11c-Cre mice spontaneously develop sero-negative arthritis, enthesitis,
and spondyloarthritis resembling stereotypic IBD-associated arthritis.

Discussion

DCs, well recognized for their abilities to activate immune responses, are emerging as
critical regulators of immune homeostasis. Loss of DCs has been shown to lead to expansion
of myeloid cells, a phenotype ascribed to increased FIt3 ligand levels?8:2%, Prolonged
survival of DCs leads to gradual autoimmunity, perhaps due to DC mediated stimulation of
T cells for inappropriate periods of time*1:42, The inability of DCs to expand regulatory T
cells or respond to tolerizing IL-10 or B-catenin signals also perturbs intestinal immune
homeostasis3®4344. Distinct from these mechanisms, we now find that multiple signaling
pathways in DCs must be tightly restricted by A20 to maintain homeostasis of both innate
and adaptive immune cells. The profound splenomegaly and lymphadenopathy that occurs
within 2-3 weeks of birth in A20f/fl Cd11c-Cre mice contrasts with the more subtle
phenotypes of many of the strains above. Thus, restriction of intracellular signaling cascades
triggered by steady state stimuli may be particularly critical to DC maintenance of immune
homeostasis.

A20 restricts the duration and/or magnitude of overt TLR, CD40, and NOD signals by
limiting NF-x B signaling'6-19, These functions likely contribute to A20’s capacity to
restrict the immunogenicity of DC based vaccines, which make use of TLR-stimulated DCs
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activated in vitro#>46, By interrogating A20 function in DCs during steady state, we have
revealed that A20 is also required to restrict the more subtle signals sensed by DCs under
resting conditions. As A20 may set a signaling threshold for TNF induced NF-x B to
prevent unwanted inflammatory responses®’, A20 may perform similar function for TLR
and other signals to prevent DC activation in response to naturally occurring stimuli in vivo.

The nature and origin of steady state signals sensed by DCs and how DCs use these signals
to regulate immune homeostasis is key to understanding how DC functions may prevent or
contribute to disease. To dissect the physiological signals sensed by DCs, we have
performed DC-specific epistasis experiments. By combining floxed A20 and Myd88 alleles
with the Cd11c-Cre transgene, we have discovered that A20 restricts both MyD88-
dependent and MyD88-independent signals in DCs under resting conditions. MyD88-
dependent signals might include TLR, IL-1, IL-18, or IL-33 triggered signals. MyD88-
independent signals may include TRIF (also known as Ticam1)-dependent TLR signals,
other microbial sensors (e.g., Nod like receptors, RIG-1 like receptors), nucleic acid sensors
(e.g., RNA or DNA sensors), or other pro-inflammatory proteins (e.g., TNFR family
receptors)1416-19 As our results indicate that multiple intracellular signaling pathways are
triggered in DCs, DCs may engage multiple ligands during steady state conditions.

Our studies also unveil immunological consequences of absent A20 regulation of MyD88-
dependent and MyD88-independent DC signals. A20 restricts MyD88-independent DC
signals that upregulate T cell costimulatory molecules, and blockade of CD80 and CD86
significantly antagonized the activation of adoptively transferred naive T cells. In addition to
limiting MyD88-independent signals in DCs, A20 restricts MyD88-dependent signals that
drive IL-6 and TNF secretion, T cell expansion, and lymphadenopathy. Hence, a model of
DC-regulated T cell homeostasis emerges in which steady state stimuli such as commensal
TLR ligands trigger both MyD88-independent and MyD88-dependent intracellular signaling
cascades in DCs that are normally restricted by A20. In the absence of A20, unrestrained
MyD88-independent signals increase co-stimulatory molecule expression and cause
spontaneous T cell activation, and unrestrained MyD88-dependent signals increase DC
secretion of cytokines such as IL-6 that drive T cell and myeloid expansion. Future studies
with other floxed alleles of molecules that regulate DC signaling, should further clarify the
nature of steady state signals that regulate DC functions in resting mice.

In contrast to several other strains of mice bearing perturbed DCs, A20f/fl Cd11c-Cre mice
did not develop autoantibodies?142:48, This result was somewhat surprising, as A20-
deficient DCs were hyperresponsive to MyD88 signals and several reports have attributed
TLRs and MyD88 signaling to the development of spontaneous autoimmunity®-10:49,
Moreover, lymphadenopathy in A20f/fl Cd11c-Cre mice involved the expansion of both T
cells and B cells, yet with the exception of IgA, serum Ig levels were unperturbed. One
potential explanation for the absence of autoantibodies in A20f/fl Cd11c-Cre mice might be
myeloid cell mediated inhibition or cytolysis of activated B cells. By contrast, mice lacking
A20 specifically in B cells (A20/fl Cd19-Cre mice) had expanded numbers of germinal
center B cells and spontaneously developed autoantibodies and lupus-like diseasel8, Thus,
A20 preserves immune homeostasis and prevents autoimmune disease via several cell-type
specific functions.
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Our studies reinforce the notion that A20 is an enzyme whose expression levels are closely
tied to the ability to maintain immune quiescence. Hypomorphic expression of A20 in B
cells in A20*fl Cd19-Cre mice perturbs B cell homeostasis and causes autoantibody
production!®. Similarly, A20*fl Cd11c-Cre mice contained increased numbers of
spontaneously activated T cells, and proliferation of naive CD4* T cells in A20*T! Cd11c-
Cre Rag1™'~ mice was intermediate to that of A20* Cd11c-Cre Ragl~~ and A20f/fl Cd11c-
Cre Ragl™~ mice. As our genetic studies strengthen the association of non-coding A20/
TNFAIP3 SNPs with susceptibility to human Crohn’s disease and as non-coding A20/
TNFAIP3 SNPs (and one coding SNP) have also been linked to susceptibility to rheumatoid
arthritis, SLE, psoriasis, and celiac sprue, and as at least one SNP conveys decreased A20
mMRNA expression, decreased expression of A20 may well explain how non-coding A20
SNPs predispose to human inflammatory and autoimmune diseases20-26:50,

Our findings that A20-dependent DC functions preserve intestinal homeostasis in A20f/!
Cd11c-Cre mice provide mechanistic insights into how A20 deficiency may cause
susceptibility to IBD and IBD-associated arthritides. Even in a tolerogenic setting, A20-
deficient DCs potently induced T cell expansion and drove T cell mediated colitis despite
elaborating high levels of IL-10. Hence, in addition to secreting tolerogenic proteins, DCs
must restrict their expression of inflammatory proteins to maintain intestinal homeostasis.
The spontaneous development of sero-negative arthritis, spondyloarthritis and enthesitis in
A20Mfl Cd11c-Cre mice provides further insights into the pathophysiology of these
conditions, particularly as these conditions develop in combination with colitis. IBD-
associated arthritis is a family member of the spondylarthopathies in humans, a
heterogenous group of arthritic disease strongly associated with HLA-B27 (~90%
prevalence)®L. Like A207/fl Cd11c-Cre mice, HLA-B27 transgenic rats and mice that
overexpress TNF (TNFAARE) mice also exhibit enthesopathy accompanied by intestinal
inflammation36:52, A20-deficient DCs produce higher levels of TNF upon activation and it
is plausible that A207/fl Cd11c-Cre mice and TNFARE mice have partially overlapping
pathophysiologies. The responsiveness of human spondyloarthritis patients to anti-TNF
therapy further suggests that TNF-driven pathology is intimately linked to human
disease®1:53, Increased levels of serum IgA and IL-6 observed in A20f/fl Cd11c-Cre mice are
also associated with human spondyloarthopathies®3>4 and gene expression profiling of
peripheral blood mononuclear cells suggests that A20 may be deficiently expressed in
spondyloarthritis patients®®:56, The rare combination of spontaneously occurring colitis,
sero-negative arthritis, and enthesitis in mice lacking A20 in DCs suggests that disruption of
A20-dependent DC functions may underlie colitis and colitis-associated arthritides in human
patients. Therapies directed at DCs and A20 may be particularly useful for these diseases.

Mice globally deficient in A20 (A207/"), mice with loxP sites flanking exon 2 of A20 (also
known as TNFAIP3) (A207fl mice), Myd88f/fl mice and Cd11c-Cre transgenic mice have
been described!418:27:34 Unless otherwise indicated, mice were analyzed between 6-12
weeks of age. WT C57BL/6J mice purchased from Jackson Laboratories were used as
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recipients for adoptive transfer of DCs and as a source of WT polyclonal T cells. To
generate bone marrow chimera containing mixed populations of hematopoietic cells,
CD45.1 mice (purchased from National Cancer Institute; NCI-Frederick) were sub-lethally
irradiated and reconstituted with 2 x 10% bone marrow cells from A20/fl Cd11c-Cre mice or
A20** Cd11c-Cre control mice. Chimera were analyzed 4-5 weeks post reconstitution; the
ratio of CD45.2 (donor) and CD45.1 (WT host) hematopoietic cells was routinely between
0.6 — 1.1. All animals were cared for in accordance with University of California San
Francisco (UCSF) institutional guidelines.

Cell preparations and flow cytometry

Splenic dendritic cells were isolated by digesting spleens in 0.2 ug/ml Liberase Blendzyme
Il or Liberase Blendzyme IlI, followed by Dynabead depletion of TER119 (TER-119)
erythrocyte-lineage cells. For flow cytometry and cell sorting, CD3™ (145-2C11) CD19~
(1D3) NK1.1™ (PK136) cells were gated and cDCs and pDCs distinguished by CD11c
(HL3), MHC-II (AF6-120.1), B220 (RA3-6B2), CD11b (M1/70) and Ly6C (AL-21)
expression. Samples to be sorted were first enriched by EasySep Stemcell Technologies
CD11c positive selection. All antibodies were purchased from BD biosciences or Invitrogen,
cells analyzed on an LSR 11, or sorted using a MoFlo XDP.

Preparation of bone marrow derived DCs and adoptive transfer of DCs

BMDCs were generated by culturing bone marrow cells in media containing GMCSF for 7
days, after which CD11c* BMDCs were enriched by autoMACs. To analyze DC responses
to LPS, BMDCs were stimulated for 7 h with 1 pg/ml LPS. Cytokines secreted into the
supernatant were quantified by ELISA (BD Bioscience). To analyze DC-mediated myeloid
recruitment in vivo, BMDCs were stimulated with 0.1 pg/ml LPS for 2.5 h, labeled with
CFSE (10 pM), and then 0.5 x 108 DCs were injected into the footpads of wild-type
recipients. 24 h post-transfer, the number of CFSE* DCs in the draining lymph node and the
number of myeloid cells recruited to the draining lymph node was analyzed. For some
experiments, recipient animals were first injected with 20 pg of rat IgG1 or blocking
antibody to IL-6 (MP5-20F3) or TNF (XT3.11), all purchased from the UCSF hybridoma
core.

T cell activation and tolerance

Peripheral T cells were stained with BD bioscience antibodies CD44 (IM7) and CD62L
(MEL-14) to quantify activated T cell populations. In some experiments, splenic cells were
stimulated with PMA and ionomycin to detect cytokine production by CD4 T cells. For
adoptive transfer experiments, polyclonal T cells from WT, CD45.1 female mice were
labeled with 3 pM CFSE and 2 x 106 T cells were injected into A20T/fl Cd11c-Cre mice or
A20 Cd11c-Cre control mice (CD45.2). Activation and proliferation of CD45.1 CD4 and
CD8 T cells in the spleen was analyzed over the period of 10 days. In some experiments,
recipient mice were injected every other day with 100 pg of rat IgG1, hamster 1gG1 (G235-
2356; BD bioscience) or blocking antibodies to CD80 (16-10A1), CD86 (GL-1), IL-6
(MP5-20F3) or TNF (XT3.11) (all purchased from the UCSF hybridoma core).
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To assess antigen-specific tolerance, 5 x 108 OT-II T cells (CD45.1) were adoptively
transferred into A20f/fl Cd11c-Cre mice or A20 Cd11c-Cre control mice. On the following
day, recipient mice were injected intravenously with 300 pg of OVAp or Hanks buffered
saline solution alone. The number of OT-11 T cells in each recipient was analyzed 10 days
later.

Dextran Sodium Sulfate and T cell induced colitis

DSS (3%, MP Biomedicals) was added to the drinking water of co-housed, 10-12 week old
A20f/1l Ccd11c-Cre mice and control Cd11c-Cre mice for 5 days. Mice were assessed daily
for diarrhea, bloody stool and body weight. To analyze T cell induced colitis, naive,
CD4CD62L CD25 T cells from wild-type mice were sorted by flow cytometry and 1 x 10°
cells were injected intravenously into A207/fl Cd11c-Cre Ragl and control Cd11c-Cre Ragl
mice. Body weights were recorded daily.

Histology and micro-computed tomography

Tissues were fixed in 10% paraformaldehyde prior to sectioning and staining with
hematoxylin and eosin. Hindpaws were additionally decalcified with Cal-Ex II prior to
sectioning. For micro-CT scans, bones were serially fixed in 4% formaldehyde and 70%
ethanol and scanned by high resolution micro-CT (vivaCT 40, Scanco Medical) with a slice
increment of 25.00 pm. The segmentation values were set at 0.5/2/350. Three-dimensional
reconstruction and structural parameters quantification were calculated using Scanco
Medical software.

Statistical analysis

Statistical analysis was performed using student’s T test analysis with GraphPad Prism
software.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. A20 prevents spontaneous activation of dendritic cellsin A20FL/FL cD11c-Cre mice
(a) Sorted populations of splenic cDCs and pDCs from wild-type (WT) mice were analyzed

for RNA expression of 1113 (p = 0.004) and A20 (p = 0.03). Data is relative to HPRT
expression and is pooled from three independent experiments including at least three mice
each. (b) A20** and A20f/fl Cd11c-Cre mice were analyzed by flow cytometry to
distinguish cDCs (CD11c¢M9M upper box) and CD11c'°"DCs (dashed box), which includes
pDCs. Expansion of myeloid cells in obscures the relative abundance of DCs in A20f/fl
Cd11c-Cre mice (See Fig. 2). (c—d) Representative histograms (c) and relative expression
(d) of CD80, CD86, and CD40 by cDCs (gated on upper box in b) from A20*/* (black) and
A20Mfl Cd11c-Cre mice (red, shaded). Data in (d) is averaged from all mice tested and is
normalized to expression on control A20*/* Cd11c-Cre cDCs. (e) CD11c!°“DCs (gated on
dashed box in b) were secondly gated on B220*Ly6C™* DCs to identify pDCs. Activated,
MHC-11Ni9h pDCs relative to total pDCs is shown. Representative histogram (f) and fold
changes in expression (g) of CD80, CD86 and CD40 on pDCs in A207/fl Cd11c-Cre mice.
Data in (b—g) is averaged from nine separate experiments including at least two mice of each
genotype (*, P <0.001, **, P = 0.01)
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Figure 2. A20-deficient DCsinduce expansion of innate and adaptive immune cells
(a) Relative abundance of splenic CD11b* myeloid cells among non-erythroid immune cells

of A20**, A20*/Ml and A20™/fl Cd11c-Cre mice. (b) Absolute numbers of the indicated cell
types in spleens of A20*/* and A20f/fl Cd11c-Cre mice; splenic populations of A20*/fl
Cd11c-Cre mice were similar to control mice (data not shown). (c—d) Relative abundance of
myeloid cells (c) and absolute numbers of CD11b*F4/80" myeloid cells and lymphocytes
(d) in lymph nodes of the indicated mice. (e-f) Sublethally irradiated WT mice (CD45.1)
were reconstituted with congenic (CD45.2) A20*/* Cd11c-Cre or A20f/fl Cd11c-Cre bone
marrow cells. Four weeks post reconstitution, the weight of the spleen (e) and splenic
myeloid cell populations (f) was analyzed. Data is representative of three independent
experiments each containing three recipient mice of each genotype. (g) BMDCs from
A20**, A20 heterozygous (A20*/7), and A20-deficient mice (A20~/") were stimulated with
LPS. Seven hours post stimulation, cytokines in the cell supernatant were quanitified by
ELISA. (h-i) Myeloid cells recruited to lymph nodes by LPS-stimulated control or A20~/-
BMDCs (see methods) were quantified (*, P < 0.01, **, P = 0.03). (h) The number of
CD11b*F4/80* monocytes (expressed as a percentage of total lymph node cells) recruited by
BMDCs of the indicated genotypes. Data is representative of five independent experiments
containing at least three recipient mice from each group. (i) Monocytes recruited by LPS-
stimulated A20*/* or A20~/~ BMDCs in WT mice pre-treated with the indicated blocking
antibodies or isotype control antibody. Data is pooled from three independent experiments
each containing three recipients for each treatment. (j) ELISA quantification of IL-6 in sera
from 6-10 week old mice of the indicated genotypes; each symbol represents one mouse.
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Figure 3. A20 expression in DCsisrequired to prevent aberrant T cell activation
(a) Representative thymocyte populations from four analyses of control and A20/fl Cd11c-

Cre mice. (b) Regulatory CD4* CD25* FOXP3* T cells among total CD4 single positive
thymocytes and lymph node CD4* T cells. Data is averaged from four mice from each
genotype. (c—f) Splenic T cells (TCRp gated) from mice of the indicated genotype were
analyzed for expression of CD69 (c,d), or CD44 and CD62L (e,f). The percentage of
CD44hicD62LI° activated CD4*(top) or CD8* (bottom) T cells is shown. Data in (d.f) is
averaged from ten independent experiments with at least one mouse of each genotype (*, P
<0.02). (g-h) Polyclonal, CFSE-labeled, WT CD8* T cells were adoptively transferred into
congenic A20%/fl Cd11c-Cre mice or control mice. (g) On the indicated day, the percentage
of adoptively transferred T cells that had been converted into activated CD44hiCcD62L!° T
cells was quantified. (h) CFSE dilution was analyzed in tandem to assess T cell
proliferation; shown are representative histograms of CFSE expression in CD8* T cells ten
days post transfer. Data in (g,h) is representative of three experiments containing two mice
of each genotype per timepoint. (i) Ovalbumin specific OT-II T cells were adoptively
transferred into A207fl Cd11c-Cre mice or control mice, followed by injection of PBS (-) or
OVAp (+). Ten days later, the percentage of OT-II T cells among total CD4* T cells (left)
and the absolute number of OT-1I cells (right) in peripheral lymph nodes was quantified.
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Shown is one of two experiments containing one PBS recipient and two OV Ap recipients
per genotype.
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Figure 4. MyD88-independent signalstrigger DC activation and drive aberrant T cell activation
in A20FL/FL cD11c-Cremice

(a) Splenic cDCs (top) and pDCs (bottom) from A20*/+ Myd88f/fl Cd11c-Cre mice (solid,
black) and A207/fl Myd8sf/fl Cd11c-Cre mice (red, shaded) were analyzed for expression of
CD80 and CD40. For comparison, DCs from age matched A20%/fl Cd11c-Cre mice (dashed,
black) were analyzed in parallel. (b) cDCs and pDCs from A20*/* Cd11c-Cre Myd88~/~
(solid, black), A20TVfl Cd11c-Cre Myd88~/ (red, shaded) and A207/fl Cd11c-Cre Myd88*/~
mice (dashed, black) were analyzed as in (a). (c) The percentage of CD44hCD62L!°
activated CD4" (top) or CD8* (bottom) T cells in lymph nodes from mice of the indicated
genotype is shown. Data in (a—c) is representative of five independent experiments
containing at least one mouse per genotype. (d-i) Polyclonal, CFSE-labeled, WT CD8* T
cells were adoptively transferred into A20f/fl Cd11c-Cre mice or control mice. Recipient
mice were treated with isotype control antibodies (d,g) or a combination of anti-CD80 and
anti-CD86 (e,h). The percentage of adoptively transferred T cells that had been converted
into activated CD44MNCD62L!° T cells (d—f) or induced to proliferate (g—i) was quantified
nine days post transfer. Data in (f,i) is averaged from two independent experiments each
including two mice per group.
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Figure 5. MyD88-dependent signalsin DCsdrive T cell expansion in A20FL/FL cD11c-Cre mice
(a) Lymph nodes from the indicated mice were analyzed for total cell number, CD4* T cells

and CD8* T cells. Data is averaged from five independent experiments including one mouse
of each genotype. (b) IL-6 and TNF produced by LPS-stimulated A20*/*, A20~/~, A20*/*
Myd88~/~ and A20~~ Myd88~/~ BMDCs was quantified by ELISA. (c) Proliferation (left)
and activation (right) of polyclonal, WT CD8* T cells adoptively transferred into A20/f!
Cd11c-Cre mice or control mice. Recipients were treated with anti-1L-6, anti-TNF, or
isotype control antibody over the period of nine days. Data is averaged from two
independent experiments each including two mice per group.
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Figure 6. A20 function in DCs preserves intestinal homeostasis
(a—c) A20f/fl Cd11c-Cre mice of at least five months of age were analyzed for spontaneous

development of inflammatory bowel disease. (a) Colons of littermate A20*/* Cd11c-Cre
control mice (top) and A20f/fl Cd11c-Cre mice (bottom) are shown. (b) Representative H+E
histology of colons from control and A20f/fl Cd11c-Cre mice (original magnification 100x).
(c) Representative plot of IL-17 and IFN-y production by splenic CD4* T cells from five
analyses of six month old A20f/fl Cd11c-Cre and littermate control mice. (d) ELISA of IgA
in sera of pre-colitic, 2-3 month old mice. Data is averaged from ten mice. (e) DSS was
added to the drinking water of twelve week old A20** (@), A20*/fl(0), and A207/ Cd11c-
Cre mice (O) for five days (see methods). Experiment included three mice of each genotype;
shown is the average body weight on the indicated day post DSS-treatment, expressed as a
percentage of initial body weight. Asterisks (*) adjacent to symbols indicates death or
obligatory euthanasia of mice. No A20f/fl Cd11c-Cre mice survived beyond seven days. (f-
g) A20** Cd11c-Cre Ragl™~ mice and A20f/fl Cd11c-Cre Ragl~/~ mice were analyzed for
inflammatory CD11b* myeloid cells in the spleen (f) and development of spontaneous
colitis (g). Representative H+E colon histology from six month old control and A20/
Cd11c-Cre Rag1™~ mice is shown (original magnification 100x). Data in (f-g) is
representative of five mice of each genotype.
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Figure 7. A20-deficient DCs activate naive T cellsand drive T cell mediated colitis
Naive, WT CD4*CD62L*CD25~ T cells were transferred into mice of the indicated
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genotypes. All mice were Cd11c-Cre Ragl™". (a) Body weight of mice on the indicated day
post T cell transfer, expressed as a percentage of initial weights. (b) Weights of spleens from
A20*"* A20*fl and A20f/Tl Cd11c-Cre Ragl™~ mice 24 days post T cell transfer. Data is
representative of two independent experiments including at least two mice per genotype.
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Figure 8. A20FL/FL cd11c-Cre mice spontaneously develop arthritic disease with pathologies
similar to human IBD-associated arthritis

(a—f) Representative H+E of hindpaws of a healthy control (a,c,e) and littermate A20/
Cd11c-Cre mouse (b,d,f) suffering acute arthritis at five months of age. Ti=tibia, Ta=talus,
N=navicular. Boxes with asterisks are entheses shown in high magnification in (c,d).
Synovitis and inflammatory infiltrates surrounding the tendon and entheses of arthritic
A20Mfl Cd11c-Cre mice (b,d). Marked synovitis and joint destruction is seen in (f) compared
with control (). (g—j) Joint pathology from two different one year old A20f/fl Cd11c-Cre
mice. (g,h) Bone cysts (O), pannus (*), joint ankylosis and new bone formation ( A). (i)
Sites of cartilage erosion are indicated by arrows. (j) New bone formation and
chondrogenesis are indicated by arrows. Bars indicate 1mm (a,b,e-h), 100 um (c,d) or 500
UM (i,j). (k) Serum from five month old and one year old mice of the indicated genotypes
was analyzed for the indicated auto-antibodies: rheumatoid factor, anti-nuclear antigens, and
anti-cyclic citrullinated peptide (CCP). Data is representative of two experiments containing
at least seven mice per genotype.
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