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Abstract

Detection of endogenous nucleic acids by cytosolic receptors, dependent on STING, and
endosomal sensors, dependent on Unc93b1, can provoke inflammatory responses that contribute
to a variety of autoimmune and autoinflammatory diseases. In DNase Il deficient mice, the
excessive accrual of undegraded DNA leads to both a STING-dependent inflammatory arthritis
and additional Unc93b1-dependent autoimmune manifestations, including splenomegaly,
extramedullary hematopoiesis, and autoantibody production. Here we utilize bone marrow
chimeras to show that clinical and histological inflammation in the joint depends upon DNase Il
deficiency in both donor hematopoietic cells and host radioresistant cells. Additional features of
autoimmunity in these mice, known to depend on Unc93b1 and therefore endosomal Toll-like
receptors (TLRs), also require DNase Il deficiency in both donor and host compartments, but only
require functional TLRs in the hematopoietic cells. Collectively, our data demonstrate a major role
of both stromal and hematopoietic cells in all aspects of DNA-driven autoimmunity. These
findings further point to the importance of cytosolic nucleic acid sensors in creating an
inflammatory environment that facilitates the development of Unc93b1-dependent autoimmunity.

Introduction

Cytosolic DNA sensors were first identified in the context of host defense but, similar to
endosomal nucleic acid detecting Toll-like receptors (TLRs), these sensors can also detect
endogenous ligands and thereby promote sterile inflammation. A number of cytosolic DNA
receptors have now been identified, including cGAS and Ifi16, among others (1, 2). These
sensors converge on the ER-associated protein STING to activate downstream pathways
leading to the expression of both IFN-stimulated genes and proinflammatory cytokines (3).
Importantly, gain of function mutations in STING have recently been linked to a clinical
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syndrome called SAVI, associated with upregulation of type I IFN, severe vasculopathy,
arthritis, pulmonary fibrosis, and in some cases autoantibody production (4-9). In addition,
loss of function mutations in a variety of cellular nucleases can lead to the accumulation of
self-DNA and also contribute to inflammatory disease. For example, loss of function
mutations in Trex1 (a cytosolic DNase), SAMHDL1 (a cytosolic RNase), RNaseH2A, and
ADARL1 have been linked to both the neuroinflammatory disease Aicardi-Goutieres
syndrome (10-13), as well as different forms of lupus (6). Trex1 deficiency can also lead to
systemic inflammation in mice, initially evident as myocarditis with subsequent progression
to other organs (14, 15). Furthermore, SNPs in the promoter region of the DNase Il gene
have been identified as risk factors for rheumatoid arthritis (16).

Mice lacking the phagolysosomal nuclease, DNase 11, are embryonic lethal due to excessive
type | IFN production downstream of STING-dependent pathways. These mice can be
rescued by intercrossing with mice that lack the type | IFN receptor (IFNaR). DNase 117/~
IFNaR~"~ double knockout (DKO) mice survive to adulthood but then develop an
inflammatory arthritis not seen in the DNase 11"/~ IFNaR ™/~ (Het) control group. The
development of DKO arthritis is STING-dependent (17, 18). DKO mice also produce anti-
nuclear antibodies (ANAs) and develop splenomegaly and extramedullary hematopoiesis,
and these aspects of disease turn out to require a functional form of Unc93b1, and by
inference, signaling by endosomal TLRs (18, 19). Thus, both cytosolic and endosomal
nucleic acid sensing receptors contribute to the clinical manifestations of DKO mice.

Previous studies involving radiation chimeras have indicated that radioresistant Trex1~/~
endocardial cells are sufficient for lymphocyte activation and the development myocarditis
(20), while the arthritic phenotype of DNase 11/~ mice was found to depend entirely on
hematopoietic cells (21). However, the DKO chimeric mice in the latter study were
evaluated at a relatively early stage in the disease process, and the Unc93b1-associated
manifestations were not examined. As considerable data now demonstrate a
proinflammatory role for STING in non-hematopoietic cells, we reasoned that it was
important to re-evaluate the contribution of hematopoietic cells and non-hematopoietic cells
to the various DKO disease parameters. Our data reveal a major contribution of both bone
marrow-derived hematopoietic and radioresistant host cells to all aspects of the DKO
phenotype. Moreover, our data further point to a critical interplay between endosomal and
cytosolic nucleic acid receptors in the development of systemic autoimmunity.

Materials and Methods

Mouse Strains

DNase 117/~ C57BL/6 embryos were kindly provided by Dr. S. Nagata (Osaka Medical
School) through the RIKEN Institute, and mice were intercrossed with Ifnar~~ C57BL/6 or
Igh¥/a C57BL/6 mice to produce DNase 1=/~ IFNaR™~ double knockout (DKO), DNase
[1*~ IFNaR ™"~ heterozygous (Het), and Igh? DKO mice. C57BL/6 mice expressing GFP
under the MHC 1 class promoter were kindly provided by Dr. R. Gerstein (UMMS), and
were crossed to Ifnar~/~ C57BL/6 mice to generate DNase 11"/~ IFNaR™/~ GFP donor mice
for bone marrow chimera studies. Unc93b13%/34 mice on a C57BL/6J background were
kindly provided by Bruce Beutler (UTSW) (22). STING-deficient mice were generated on a
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129SvEvXC57BL/6J background by Dr. G. Barber (UMiami) (23), backcrossed to
C57BL/6J mice and kindly provided by Dr. D. Stetson (UWashington), and then further
backcrossed to C57/BL6J at UMMS. The Unc93b139/3d and STING-deficient mice were
then crossed to the DKO strain to yield Unc93 TKO and STING TKO lines, respectively, as
described previously (18). All animal procedures were approved by and performed in
accordance with the Institutional Animal Care and Use Committee at the University of
Massachusetts Medical School.

Generation of Bone Marrow Chimeras

Lethally irradiated (850R) 8-12 week-old recipients were reconstituted by i.v. injection of
107 total bone marrow cells from 8-10 week-old mice. For the Het/DKO chimeras, female
Het (IghP) or DKO (IghP) hosts were reconstituted with cells from female Het (GFP) or
DKO (Igh®) mice. For the Unc93 TKO/DKO chimeras, the Unc93 TKO mice were Igh® and
the DKO mice were Igh&. Clinical monitoring for the development of arthritis was
performed until the mice were euthanized for analysis at 10 months post transplant
(Het/DKO chimeras) or 4 months post transplant (Unc93 TKO/DKO chimeras). The extent
of reconstitution was determined by flow cytometry for GFP* or IgD allotype markers in
total peripheral blood or mature B cells, respectively, and confirmed by FACS analysis of
the spleen at the time of euthanasia.

Clinical and Histologic Inflammation Scores

Clinical arthritis was measured using a previously described scoring system (24). Histologic
inflammation was assessed in decalcified, paraffin-embedded left hind limbs. Blocks were
sectioned at 5 um, deparaffinized, and stained with H&E. 40 sections were cut from each
block and sections 10, 20, 30, and 40 were scored using a modification of a previously
described system (24) on a scale from 0-4. Cellular infiltrates in the distal tibias were scored
on a scale from 0-3 (0=no infiltrate, 1= slight infiltrate, 2= moderate infiltrate, 3=severe
infiltrate).

Antinuclear Antibodies

Mouse sera diluted 1:50 was incubated on HEp-2 antigen substrate slides (MBL BION), and
bound Abs were detected with DyLight 488—coupled detecting reagents. ANA fluorescent
intensity was scored on a scale from 0—4 per the manufacturer’s instructions.

MMP-3 Quantification

MMP-3 protein levels were measured in the sera of mice per the manufacturer’s (R&D)
instructions.

Flow Cytometry

Spleen and bone marrow cell suspensions were stained with the following antibodies:
Ter119, CD11b, Ly6G, Ly6C, B220, CD95 and GL-7 (eBioscience or BD Biosciences).
Multicolor flow cytometry was performed using an LSR Il with DIVA software (BD
Biosciences), and analysis was conducted with FlowJo software (TreeStar, Ashland, OR).
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Statistical analysis

Data are reported as mean + SEM. Statistical significance was analyzed with the unpaired,
two-tailed Student’s t test using Prism software (GraphPad). Statistical significance is
represented by the following notation in the figures: p<0.05=%*, p<0.01=**, p<0.001=***,

Results

DNase Il deficiency in both hematopoietic and radioresistant cells is required for the
development of inflammatory arthritis and bone marrow (BM) hypercellularity in DKO mice

To investigate the relative contribution of hematopoietic vs. radioresistant host cells to the
various autoimmune manifestations of DKO mice, lethally irradiated (850R) Het (DNase
11"/~ IFNaR™~) or DKO (DNase 11/~ IFNaR~'~) mice were reconstituted with Het or DKO
stem cells to generate four experimental groups: Het—Het, DKO—DKO, Het—DKO and
DKO—Het. We then assessed arthritis severity by clinical and histologic evaluation. As
expected, Het—Het chimeras showed no evidence of clinical arthritis while DKO—DKO
mice showed significant inflammation in the distal joints and paws (Figure 1A).
Furthermore, serum levels of matrix metalloproteinase 3 (MMP3), a surrogate marker for
inflammation, reflected the arthritis scores and further confirmed the absence of
inflammation in the Het—DKO and DKO—Het chimeras (Figure 1B). Histologic scoring of
ankle joints (Figure 1C) also confirmed the presence of arthritis only in DKO—DKO mice.
Remarkably, neither the Het—DKO nor the DKO—Het mice developed any clinical or
histological evidence of arthritis over a 10-month period (Figure 1A—-C). Therefore both
DKO donor hematopoietic cells and DKO host radioresistant cells are required for the
development of arthritis.

Histological examination of the tibiae of DKO—DKO mice also revealed a dense
accumulation of cells within the marrow space (Figure 1D), also evident in marrow cavities
of the ankle sections (Figure 1C). This infiltrate included a high proportion of neutrophils as
well as engorged erythropoietic island macrophages. This infiltrate was not detected in Het
mice, STING™~ DNase 117~ IFNaR ™/~ triple knockout (STING TKO) mice, or
Unc93b139/3d DNase 117/~ IFNaR ™" triple knockout (Unc93 TKO) mice (Figure 1E).
Furthermore, as evident from clinical inflammation scores, arthritis still develops in the
Unc93b1 TKO mice (Figure 1F) whereas arthritis is abrogated in STING TKO mice (18).
Altogether our data indicate that the arthritic phenotype is completely dependent on STING
and not Unc93b1 (17, 18), BM hypercellularity is dependent on both STING and Unc93b1,
and both the arthritic and BM hypercellularity depend on a combination of hematopoietic
and radioresistant cell types. These outcomes are unlikely to be due to residual host
hematopoietic cells as complete hematopoietic repopulation of all groups by donor stem
cells was verified through the use of transgene or congenic markers (Figure 1G).

DNase Il deficiency in both hematopoietic and radioresistant cells contributes to the
development of additional TLR-dependent features of autoimmunity

DKO mice develop massive splenomegaly, clearly apparent by as early as 2 wks of age,
which depends upon functional Unc93b1 and not STING (19). Since endosomal TLRs are
preferentially expressed in hematopoietic cells, we expected TLR-mediated splenomegaly to
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track with the Unc93b1-sufficient DKO hematopoietic compartment. As expected, the
DKO—DKO chimeras developed splenomegaly, and the Het—DKO did not. However,
surprisingly, the DKO—Het mice also failed to develop splenomegaly (Figure 2A). Along
with splenomegaly, normal splenic architecture, associated with the presence of organized
follicles, is disrupted in DKO but not in Het mice. From H&E staining of splenic sections, it
was clear that a similar loss of defined T and B cell regions occurred in the DKO—DKO
spleens but not in the Het—DKO or DKO—Het spleens (Figure 2B). These data
demonstrate that a host component is required for the TLR-dependent splenic abnormalities
characteristic of DKO mice.

Other Unc93b1-dependent abnormalities of DKO mice include disruption of bone marrow
(BM) erythropoiesis and ensuing extramedullary hematopoiesis in the spleen (19). To assess
the contribution of the radioresistant host and hematopoietic elements to these aspects of
hematopoiesis, the chimeric mice were evaluated for the frequency of BM and spleen cells
expressing the RBC lineage marker Ter119. Similar to the DKO strain, the percentage and
overall number of Ter119* cells in the DKO—DKO chimeras was decreased in the BM and
dramatically increased in the spleen. In contrast, the frequency of Ter119* cells in the BM of
the Het—DKO and DKO—Het chimeras was not significantly different from the Het—Het
control, and the frequency of Ter119* cells in the spleen of the Het—DKO and DKO—Het
chimeras was only slightly increased relative to the Het—Het controls (Figure 3A). These
data point to a requirement for both hematopoietic and non-hematopoietic elements in the
overall disruption of erythropoiesis in DKO mice.

DKO mice also develop an increased frequency of CD11b* myeloid cells, and especially
Ly6C* Ly6GN granulocytes, in both the BM and spleen. Comparable increases were only
found in the DKO—DKO chimeras (Figure 3B,C). However, both the Het—DKO and
DKO—Het chimeras tended toward a greater frequency of granulocytes in the spleen,
consistent with the notion that hematopoietic and radioresistant DKO cells independently
provoke modest inflammatory responses, while more severe inflammation depends on donor
and host cell synergy.

In addition, B cell differentiation is compromised in DKO mice, as evidenced by a markedly
reduced frequency of immature and mature B cells in both the BM and spleen (19). Here
again the DKO phenotype was recapitulated by the DKO—DKO chimeras, as shown by the
overall percent of B220™ cells, but B cell development appeared relatively normal in
Het—DKO and DKO—Het mice (Figure 4A,B). Normal B cell development was restored in
the Unc93bl TKO mice (19). Despite the reduced frequency of mature B220* lymphocytes,
the frequency of CD95* germinal center (GC) cells, an indication of autoreactive B cell
activation, was increased in the DKO—DKO chimeras, and not in the other chimera groups
(Figure 4C).

As further evidence of B cell activation, DKO mice produce high titers of autoantibodies.
Endogenous dsDNA associated with cell debris cannot activate TLR9 in DKO mice,
because in the absence of DNase Il the DNA is not degraded sufficiently to generate a
functional TLR9 ligand (19, 25). Therefore sera from DKO mice normally show HEp2
immunofluorescent staining patterns consistent with BCR/TLR?7 driven autoreactive B cell
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activation (e.g. speckled nuclear or cytoplasmic). As expected, Het—Het chimeras failed to
make anti-nuclear antibodies and all the DKO—DKO mice developed high ANA titers with
speckled nuclear or cytoplasmic staining patterns (Figure 4D,E). Remarkably, 4 out 7
Het—DKO mice also developed ANA titers, despite the fact that they failed to exhibit most
other indications of systemic autoimmunity. However, in contrast to the speckled nuclear
staining pattern characteristic of the DKO mouse sera and the DKO—DKO chimeric sera,
the ANA* Het—DKO chimeric sera showed homogeneous nuclear staining patterns (Figure
4E). This homogeneous nuclear pattern most likely reflects the expression of functional
DNase Il by the Het-derived B cells, and therefore the ability of these B cells to degrade
dsDNA and generate endogenous TLR9 ligands. The Het B cells in the ANA* Het—DKO
chimeras are presumably responding to the excessive DNA accrual that occurs in
radioresistant DKO host cells, and becoming activated through a TLR9-dependent
mechanism. One (out of 5) ANAT DKO—Het chimera sera showed a modest speckled
nuclear pattern, again indicative of the inability of DNase 117~ B cells to respond to
endogenous DNA ligands. The limited number of ANA* Het—DKO and DKO—Het mice
represent one exception to the overall requirement for DNase Il deficiency in both the
recipient and host for clinical manifestations of disease. In all cases the B cells are
presumably responding to an external source of nucleic acid-associated ligand. Overall the
defects in B cell development (reduced number of B220* cells) and increased numbers of
GC B cells are only apparent in DKO—DKO chimeras.

Expression of functional Unc93b1 in hematopoietic cells is sufficient for the development
of Unc93bl-dependent clinical manifestations

One possible explanation for the failure of DKO—Het chimeras to develop Unc93b1-
dependent clinical manifestations was a requirement for a TLR-expressing host component.
To test this possibility, we used Unc93 TKO mice to generate DKO—Unc93 TKO and
Unc93 TKO—DKO chimeras and compared them to DKO—Het chimeras. Since synovial
inflammation is Unc93b1-independent, it was not surprising that both the DKO—Unc93
TKO and Unc93 TKO—DKO chimeras developed arthritis as determined by clinical
examination (Figure 5A) and joint histology (Figure 5B). Furthermore, as expected, the
Unc93 TKO—DKO chimeras had less severe BM inflammation (Figure 5C), failed to
develop splenomegaly (Figure 5D), and failed to make ANAs (Figure 5E). Thus, the
Unc93b1-dependent clinical manifestations require Unc93b1 expression in hematopoietic
cells. However, the DKO—Unc93 TKO chimeras were essentially indistinguishable from
DKO—DKO chimeras by all criteria evaluated. Thus, the hematopoietic expression of
endosomal TLRs is necessary but not sufficient for SLE-like clinical manifestations, and
there must be an additional TLR-independent host component(s) that promotes the onset of
TLR-dependent autoimmunity.

Discussion

The main message that emerges from the current study, together with previous reports, is
that the accrual of excessive undegraded DNA in multiple cell types of DKO mice promotes
the activation of both cytosolic and endosomal nucleic acid sensors, leading to a type | IFN-
independent disease spectrum that incorporates features of both inflammatory arthritis and
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SLE. Cytosolic sensors are responding to DNA and the endosomal sensors are most likely
responding to RNA-associated cell debris internalized by a cell surface receptor. Our
Het/DKO chimera data further show that both hematopoietic and radioresistant host cells are
required for all the various clinical manifestations.

The importance of radioresistant cells in autoinflammation has been previously reported by
Stetson and colleagues in their analysis of mice lacking Trex-1, a model of STING-
dependent autoinflammation. By using a Trex1~/~ IFN-reporter line, they identified cardiac
endothelial cells as the initial site of IFN-driven inflammation. As a result, these mice first
develop myocarditis although additional tissues subsequently became inflamed. In contrast
to the DKO mice described in the current report, Trex1 deficiency in radioresistant host cells
was sufficient to activate WT bone marrow derived cells and trigger a systemic response
where organ damage depended on activated T and B lymphocytes. However, a role for
hematopoietic cells in the DKO model is not surprising since DNase 11 is a lysosomal DNase
required for the degradation of cell debrissDNA phagocytosed by myeloid lineage
phagocytes.

Another difference between the Trex1~/~ and DNase 11/~ IFNaR~/~ DKO models is the
dependency on type | IFNs. IFNaR™~ x Trex1~/~ mice fail to develop clinical manifestations
of disease (20), while both STING-dependent and Unc93-dependent aspects of our DKO
mice are type | IFN independent due to the absence of a functional type | IFN receptor. The
strong autoantibody response, presumably dependent on TLR7, is particularly unexpected,
especially since we have previously shown that TLR7-dependent B cell responses are highly
type | IFN dependent (26). Exactly how cytokine production by DKO mice circumvents a
need for type | IFNs as far as RNA-dependent B cell activation and other Unc93-dependent
outcomes is not clear. Experiments are in progress to determine whether IFN-inducible
genes downstream of RNA-sensing TLRs will exacerbate the Unc93-dependent SLE-like
aspects of the “DKO” phenotype in IFNaR-sufficient DNase 117/~ STING ™~ mice (17).

The nature of the radioresistant cell(s) activated in DKO mice remains to be determined.
Previous studies have documented an important role for STING dependent pathways in
fibroblast lineage cells (4, 27). Therefore it is possible that STING promotes arthritis
through its capacity to activate synovial fibroblasts. These cells have long been known to
play a key role in the pathogenesis of rheumatoid arthritis (28) and are a source of
proinflammatory cytokines and other factors that promote and perpetuate chronic
inflammation and joint damage. Studies in early rheumatoid arthritis have demonstrated
changes in the stromal compartments of synovium as early as the first months of disease
(29). With disease progression, there is expansion of the synovial fibroblast compartment
and these cells secrete proteinases that destroy cartilage, as well as factors that promote
chronicity of inflammation through recruitment and retention of inflammatory cells (30).
Therefore, it is likely that synovial fibroblasts play a critical role in the initiation and
perpetuation of disease in our model. Although we assume that the radioresistant cell is a
stromal component, we cannot at this stage rule out a role for embryonally-derived
macrophages. These are radioresistant tissue resident macrophages that develop from
precursors that seed peripheral tissues during fetal development, and could reside in synovial
tissues as well (31).
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The distinct overall phenotype of the DKO—DKO chimera group compared to the
Het—DKO and DKO—Het chimeras demonstrated an absolute requirement for DKO
radioresistant cells in the development of all the Unc93b1 clinical manifestations. Because
the DKO—Unc93 TKO mice completely recapitulated the phenotype of the DKO—DKO
chimeras, the host component is most likely to be due to inflammation driven by one or
more cytosolic sensors, and not an endosomal cytosolic sensor. Both STING TKO and
Unc93 TKO mice failed to develop the hypercellularity we observed in the long bone
marrow, and therefore we propose that at a minimum, bone marrow hypocellularity depends
on a STING triggered host cell, perhaps located in the hematopoietic niche of the marrow,
and a TLR responsive hematopoietic cell. In both BM hypercellularity and splenomegaly,
the relevant TLR is expected to be an RNA sensor (TLR7, TLR8, TLR3 or perhaps even
TLR13), since endogenous DNA is not sufficiently degraded in DKO mice to activate TLR9
(19, 25). The BM infiltrate includes a high percentage of neutrophils and a similar
accumulation of neutrophils in the BM of pristane-injected mice has been shown to be TLR7
dependent. These observations may be related to the activated neutrophils recently identified
in the marrow of SLE patients (32).

In summary, the combined data from the Het/DKO and Unc93 TKO/DKO chimeras
demonstrate a critical interplay between cytosolic and endosomal sensors in the
development of all the clinical manifestations of DKO mice and suggest that cytosolic
sensors may play a more general role in promoting SLE and related autoimmune disorders.
Cytosolic DNA sensors appear to be particularly responsive to inherent cell stress such as
mitochondrial depolarization and the subsequent release of mitochondrial DNA into the
cytosol (33, 34), or to the excessive accumulation of damaged DNA resulting from defective
autophagosome formation (35). We previously demonstrated a role for the inflammasome-
associated DNA sensor AIM2 in the development of arthritis in DKO mice. Whether RNA-
sensing cytosolic sensors such as MDA-5 or RIG-I also play a role remains to be
determined. From a broader perspective, cytosolic sensors may play an active role in
detecting environmental insults that can trigger the onset and/or perpetuation of systemic
autoimmune or autoinflammatory conditions. A better understanding of the in vivo networks
that promote the distinct features of systemic autoimmune diseases will provide a platform
for the design of therapeutics that address the unmet needs of patient populations.
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Figure 1. Arthritis in DKO mice depends on DNase 11 deficiency in both donor-derived
hematopoietic and radioresistant host cells

Donor and recipient strains indicated by donor—recipient or by D (donor) and R (recipient).
A) Representative images of arthritis in forepaws (top) and hindpaws (bottom) of chimeric
mice and summary of clinical inflammation scores. B) Serum MMP-3 protein levels. C)
Representative histologic images of inflammation in the ankle (upper panel) and midfoot
(lower panel) and quantitation of histologic inflammation. Arrow designates synovium and
asterisk marks bone marrow cavity. Final magnification 4x. D/E) Representative images of
bone marrow cellularity in the distal tibiae and quantitation of degree of cellularity (4
sections/tibia were analyzed). Final magnification 4x. All analyses were performed on 10
month-old female chimeric mice (n=4-7 mice/genotype). F) Clinical inflammation scores of
6-12 month-old male and female mice (n=8-16 mice/genotype). Values are the mean +
SEM; *=p<0.05, **=p<0.01, ***=p<0.001 compared to Het—Het. G) Engraftment in bone
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marrow chimeras. Reconstituted mice were analyzed by flow cytometry 5 months after bone
marrow transplant for the %GFP™ cells in total peripheral blood mononuclear cells or for the
%IgD donor allotype in mature B cells. Representative data are shown (n=4—7 mice/
genotype). Left: Het (GFP+)—Het (GFP-): blue line; Het (GFP+)—DKO (GFP-): green
line; GFP positive control: dashed red line; GFP negative control: grey fill. Right:
Representative image of DKO donors, including DKO (IgD?)—DKO (IgDP) and DKO
(IgD®—Het (IgDP). Data is representative of 2—3 individual experiments.
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Figure 2. Splenomegaly and disrupted splenic architecture depend on DNase Il deficiency in
both donor-derived hematopoietic and radioresistant host cells

A) Splenic weights (upper panel) and representative images of spleens (lower panel). B)
Splenic histology in 10 month-old female chimeric mice (n=4-7 mice/genotype; H&E-
stained, final magnification 4x). Data is representative of 4 individual experiments. Values
are the mean + SEM; **=p<0.01 compared to Het— Het.
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Figure 3. Extramedullary hematopoiesis and myeloid cell expansion depend on DNase |1
deficiency in both donor-derived hematopoietic and radioresistant host cells

A) Percentage of total bone marrow (BM) and spleen (Spl) cell suspensions expressing the
erythroid lineage marker Ter119. B) Percentage of total bone marrow and spleen cell
suspensions expressing the myeloid lineage marker CD11b. C) Percentage of CD11b* cells
expressing the granulocyte phenotype Ly6C* Ly6GN. Representative FACS plots for
Het—Het and DKO—DKO are shown to the right of the compiled data figures in A, B, and
C. Data is representative of 2 individual experiments. Values are the mean + SEM;
*=p<0.05, **=p<0.01, ***=p<0.001 compared to Het—Het.
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Figure 4. Defective B cell development and autoantibody production depend on DNase 11
deficiency in both donor-derived hematopoietic and radioresistant host cells

Percentage of B220" cells in A) bone marrow (BM) and B) total spleen (Spl) by FACS
analysis. C) Percentage of B220™ germinal center (GC) B cells in spleens. Representative
FACS plots for Het—Het and DKO—DKO are shown to the right of the compiled data
figures in A, B, and C. D) Quantitation of anti-nuclear antibody (ANA) fluorescent intensity.
The samples marked in green correspond to the ANA patterns shown in panel E. E) ANA
staining patterns from sera by immunofluorescence (original magnification x 200).
Het—Het chimeras: negative; DKO—DKO: speckled nuclear; Het—DKO: homogeneous
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nuclear; DKO—Het: speckled nuclear, weak, 1/5 mice). All analyses performed on 10
month-old female chimeric mice (n=5-7 mice/genotype). Data is representative of 2-3
individual experiments. Values are the mean =+ SEM; **=p<0.01, ***=p<0.001 compared to
Het—Het.
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Figure 5. Expression of Unc93b1 in hematopoietic cells is required for the development of
Unc93b1-dependent clinical manifestations

A) Clinical inflammation scores. B) Representative histologic images of inflammation in the
ankle (upper panel) and midfoot (lower panel). Arrow designates synovium and arrowhead
marks cellular infiltrate in the talus. Final magnification 4x. C) Quantitation of degree of
bone marrow (BM) cellularity. D) Spleen weights. E) Representative ANA staining patterns
of chimeric sera (original magnification x 200). All analyses performed on female chimeric
mice. Data is representative of 2 individual experiments. Values are the mean + SEM,;
*=p<0.05, ***=p<0.001 compared to DKO—Het.

J Immunol. Author manuscript; available in PMC 2017 February 01.



