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on the expression of TLR7. We have now developed a rapid-onset 
inducible model of systemic autoimmunity, dependent on the loss 
of TLR9 and the expression of TLR7, which should facilitate inves-
tigation of the regulatory properties of TLR9. These mice resemble 
other murine models of SLE with regard to splenomegaly, lympho-
cyte activation, and autoantibody production. Fortuitously, they 
also develop severe cutaneous inflammation that recapitulates 
many of the features of human cutaneous lupus.

SLE is considered a type I IFN-driven disease, and SLE 
patients frequently have a strong IFN signature in peripheral 
blood mononuclear cells (PBMCs) (52, 53). pDCs are considered 
a major source of type I IFN in these patients (48). Cells isolated 
from the skin of CLE patients also express an IFN signature attrib-
uted to pDCs that traffic to the skin of these patients (50). Type I 

IFNs have been implicated in the abnormal activation of a variety 
of cell types that contribute to SLE pathogenesis, including the 
generation of IFN-γ–producing CD4+ T effector subsets (54–56). 
DO11→TLR9KO Ii-TGO mice also showed an IFN signature in the 
skin that correlated with high numbers of skin-infiltrating DO11 
IFN-γ–producing effector cells. To determine whether type I IFN 
contributed to the development of skin lesions in our model, we 
treated DO11→TLR9KO Ii-TGO mice with a blocking Ab spe-
cific for IFN-aR (46). This same Ab has been used to prevent dis-
ease onset in SLE-prone BXSB mice (57). We found that IFN-aR 
blockade not only prevented the development of skin disease, 
but also prevented the accumulation of pDCs in the skin. These 
data are consistent with the notion that pDCs play a pivotal role 
in our model of LLSI, but also point to an important type I IFN– 

Figure 6. Gene expression in the 
skin of mice injected with DO11 
or DO11gld T cells. Skin biopsies 
were obtained from TLR9WT 
or TLR9KO Ii-TGO mice injected 
with DO11 or DO11gld T cells. (A) 
Heatmap showing hierarchical 
clustering of the 750 genes in 
the NanoString murine cancer 
immune code set (left) with data 
presented as log2-transformed 
values on a scale of 0 (blue) to 15 
(red). Genes above the threshold 
of mean+2SD of the background 
were considered for analysis. 
Enlarged images of gene clusters 
are designated by arrows (right). 
Small black arrow denotes the 
gene downregulated in group 2 
compared with group 3. (B) Genes 
similarly expressed by groups 2 
and 3 with a fold change of more 
than 2.5 relative to group 1 and 
with P > 0.05 (not significant) 
between groups 2 and 3. (C) 
Genes differentially expressed by 
groups 2 and 3 with fold change 
of more than 2.5 for group 2 
relative to group 1 and P < 0.05 
(significant) between groups 2 
and 3. Group 1, n = 4; group 2,  
n = 4; and group 3, n = 3.
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TLR9KO Ii-TGO mice develop skin lesions, inflammation is not 
self-resolving, perhaps because the cytokine milieu is so strongly 
IFN driven that peripheral Treg expansion is prevented. Deter-
mining whether DO11 Ii-TGO mice can be “cured” by the trans-
fer of exogenously derived DO11 Treg cells will be an important 
direction for future studies.

Although we expected TLR9 deficiency to amplify the overall 
autoimmune response in the Ii-TGO system, we did not anticipate 
the dramatic impact on the skin, as skin lesions are not routinely 
observed in other TLR9-deficient SLE-prone strains. KCs are 
known to express TLR9 (59), upregulate MHC class II in TLR9KO 
Ii-TGO mice, and thereby become a target for skin-infiltrating 
DO11 effector cells (60). MHC class II expression is a sign of 
activation, and activated KCs make T cell chemokines such as 
CXCL9, CXCL10, and CXCL11 (61), genes that are upregulated in 
the skin of DO11→TLR9KO Ii-TGO mice (Figure 6). The recruit-
ment of DO11 Th1 cells to the skin can then presumably drive a 
chronic response by provoking continuous KC death and poten-
tially KC chemokine/cytokine production. KCs also make their 
own unique form of type I IFN, IFN-κ, which may also contribute 
to the strong Th1 phenotype of the infiltrating T cells (7). Whether 
TLR9 deficiency in KCs per se contributes to disease amplification 
will need to be addressed through the analysis of Ii-TGO mice with 
KC-specific deletion of TLR9.

TLR9 deficiency clearly has a profound effect on the differen-
tiation of DO11 T cells, leading to the specific expansion of Th1 
T cells in both the skin and sdLNs. Exactly how TLR9 deficiency 
regulates T cell fate remains unresolved. It has been proposed that 
TLR9 and TLR7 compete for binding with Unc93b1 and that the 
absence of TLR9 results in a stronger TLR7 response that would 
be more likely to elicit a pathogenic response (62, 63). This idea 
is supported by published studies in immortalized cell lines and 
BM-derived macrophages, but not in BM-derived DCs or B cells 
(64, 65). It is also possible that TLR9 uniquely activates negative 
regulators of innate immune responses or contributes to the clear-
ance of cell debris (66, 67). It has recently been reported that B 
cells from SLE patients are hyporesponsive to TLR9, but not TLR7, 
ligands (68). The role of TLR9 in SLE in additional cell types con-
tinues to be an active area of investigation by our lab and others, 
and the DO11→Ii-TGO model is likely to serve as a useful tool for 
addressing this topic. A better understanding of the cell type(s) 
directly affected by TLR9 deficiency, under competitive condi-
tions, should enable us to focus attention on the most relevant 
effector population(s). Published studies implicate TLR9KO B cells, 
but do not rule out a potential contribution of additional TLR9KO 
APCs or phagocytic cells.

dependent feedback loop in the recruitment and/or maintenance 
of pDCs in the skin.

Our model depends on a membrane-bound OVA fusion pro-
tein, TGO, that incorporates the transmembrane and cytosolic 
domains of the transferrin receptor and therefore constitutively 
cycles to the endocytic compartment. Previous studies have 
shown that DO11 × TGO mice have a high frequency of Tregs in 
both the thymus and peripheral lymphoid tissue that is not seen in 
TGOneg DO11 mice (28). Therefore, it is highly likely that thymic 
epithelial cells express low levels of TGO, even in the absence of 
Dox, and this results in mice that are essentially TGO tolerant. In 
this context, TGO can be considered a pseudo-autoantigen. This 
level of tolerance needs to be maintained in order to prevent the 
development of autoimmune responses. In fact, in order to initi-
ate a response in our Ii-TGO mice, we needed to transfer activated 
T cells and use sublethally irradiated Ii-TGO recipients. Sublethal 
irradiation is thought to create “space” for lymphocyte expan-
sion, but may also lead to the accumulation of cell debris and the 
production of proinflammatory chemokines that further promote 
a break in tolerance. In contrast, previous studies by Gratz et al. 
have shown that the injection of naive DO11 T cells into Dox-
treated K5-TGO mice, where TGO expression is limited to KCs, 
results in acute inflammation in the skin that then resolves sponta-
neously with the expansion of peripherally derived Tregs (58). The 
inability of naive T cells to induce autoimmunity in Ii-TGO mice 
suggests that, under homeostatic conditions, TGO expression by 
MHC class II+ cells plays an important role in maintaining a state 
of tolerance to self-antigens. However, once DO11→Dox/400R 

Figure 7. Type I IFN blockade abrogates skin disease in TLR9KO Ii-TGO 
mice. (A) Development of skin disease in TLR9KO mice or TLR9KO mice 
treated with anti–IFN-aR mAb or isotype control mAb. (B) Representative 
images at 5 weeks after T cell injection. (C) Spleen weights of experimen-
tal and unmanipulated (no T cells or mAb) controls. (D) Percentages of 
CD4+ and CD4+KJ126+ cells in CD45+ skin cell gate. (E) Representative FACS 
plots and compiled data showing percentages of CD11c+PDCA1+ pDCs in 
CD45+CD11b–CD11c+ skin cell gate. Data are shown as mean ± SEM from 2 
independent experiments and are representative of n = 6 mice per group. 
**P < 0.01; ***P < 0.001; ****P < 0.0001, 2-tailed Student’s t test and 
2-way ANOVA with Šidák’s multiple-comparison test.

https://www.jci.org
https://www.jci.org
https://www.jci.org/128/7
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ligands through engagement of the receptor for 
advanced glycation end products (RAGE) and 
perhaps other receptors (75, 76). These studies 
involved assay systems that measured immu-
nostimulatory effects of DNA/TLR9 engage-
ment. However, as discussed, in the context 
of murine models of SLE, TLR9 deficiency 
exacerbates disease outcome. Remarkably, 
RAGE-deficient B6/lpr mice also develop more 
severe nephritis (77). Whether FasL-induced 
HMGB1, under the appropriate conditions, can 
also contribute to a TLR9-mediated negative 
feedback loop is yet one more question that 
can be addressed in future studies. It is well 
known that both Fas and FasL deficiency can 
result in systemic autoimmunity with features 
of SLE, and it has been assumed these models 
reflect the failure of autoreactive T cells or B 
cells to undergo apoptosis. However, Siegel et 
al. have recently shown that mice expressing 
a Fas mutant that is incapable of moving into 
lipid rafts and transmitting an apoptotic signal 
do not develop any indications of lymphopro-

liferative disease or autoimmunity (78). It follows that autoim-
munity in Fas and FasL-deficient mice is not due to the failure of 
FasL to induce apoptosis. Whether FasL can induce the release of 
HMGB1 from other cells that might negatively regulate autoim-
mune responses remains to be determined.

In summary, we have developed a murine model that reca-
pitulates many of the features of CLE, including histological 
changes, a dominant role for Th1 FasL–producing effector cells, 
a strong IFN signature, production of myeloid chemokines, and 
the recruitment of pDCs and inflammatory monocytes to the skin. 
Importantly, this LLSI depends on the transfer of DO11 T cells 
into sublethally irradiated recipients. Irradiation may provide 
an open niche for T cell expansion, eliminate host OVA-specific 
Tregs, and/or lead to the release of cell debris. This model is like-
ly to prove useful for mechanistic studies addressing the role of 
TLR9, TLR7, IFN-γ, FasL, type I IFNs, and other immune media-
tors in CLE and for assessing a variety of therapeutic strategies for 
the treatment of SLE. Small-molecule FasL inhibitors are under 
development and have been shown to be highly effective in the 
blockade of FasL-dependent ocular disorders (73). Related com-
pounds may eventually be appropriate for the treatment of FasL- 
dependent lupus–associated skin disease.

Methods
Mice. BALB/c mice expressing the OVA fusion protein TGO under the 
control of a TRE have been described previously (28). Mice express-
ing an Ii-rtTA (31) were provided by C. Benoist (Harvard Medical 
School, Boston, Massachusetts, USA) and then backcrossed for over 
10 generations to a BALB/c background (Jackson Laboratory). The 2 
lines were intercrossed to generate the original Ii-TGO line. BALB/c 
Tlr9–/– (TLR9KO) and BALB/c Tlr7–/– (TLR7KO) mice (79) were then 
used to generate TLR9KO Ii-TGO and TLR7KO Ii-TGO mice, which 
were in turn used to generate the Ii-TGO TLR7/9 double-knockout 
(TLR7/9DKO) mice. DO11gld mice have been described previously (80). 

Th1 functional analyses routinely focus on IFN-γ. Certainly, 
IFN-γ plays an important role in macrophage activation during 
host defense. Moreover, a number of recent studies have identified 
a critical role for IFN-γ in GC responses (69, 70), and we consis-
tently detect robust GC responses in our DO11→TLR9KO Ii-TGO 
mice. A substantial subset of Th1 cells also express FasL, and FasL 
mediates a range of effector functions that can also contribute to 
lupus pathology, including the induction of apoptosis as well as the 
production of proinflammatory cytokines (71, 72). Nevertheless, 
the complete absence of skin lesions in TLR9KO Ii-TGO recipients 
of FasL-deficient T cells was not anticipated. KCs express reason-
ably high levels of Fas, and the large number of potential KC tar-
gets could explain the skin-centric phenotype of Ii-TGO mice. Fas 
is also upregulated by many of the CD11b+ cells that infiltrate the 
skin, providing additional targets for FasL+ T cells. However, the 
gene expression data strongly suggest that FasL induction of proin-
flammatory chemokines is also a key factor. Most genes upregulat-
ed in the skin of DO11→TLR9KO versus DO11→TLR9WT mice were 
also upregulated in the skin of DO11gld→TLR9KO mice, and these 
included the majority of IFN-inducible genes. The limited set of 
genes that distinguished DO11→TLR9KO from DO11gld→TLR9KO 
skin included many of the myeloid and neutrophil chemokines 
induced in FasL-stimulated macrophages and other cell types 
(43, 44). Importantly, FasL is upregulated in the skin of CLE, but 
not psoriasis, patients. Small-molecule FasL inhibitors are under 
development and have been shown to be highly effective in the 
blockade of FasL-dependent ocular disorders (73). Related com-
pounds may eventually be appropriate for the treatment of FasL-
dependent lupus-associated skin disease.

There may also be a connection between FasL and TLR9. 
In addition to the proinflammatory chemokines listed above, 
FasL has also been shown to induce the rapid release of HMGB1 
through an IRAK4-dependent mechanism (74). HMGB1 has been 
further shown to bind to DNA and enhance responses to TLR9 

Figure 8. Gene expression in human CLE. (A) Microarray analysis showing FasL transcript 
levels in healthy control skin. n =13. CLE patient skin (ACLE, n = 7; SCLE, n = 12; CCLE, n = 6) 
and psoriasis patient skin (n = 17). ***P < 0.001. Benjamini-Hochberg procedure was used for 
multiple comparisons. (B) Fold change of gene expression levels, determined by NanoString 
analysis, of CCLE, SCLE, and psoriasis lesional skin biopsies relative to healthy control skin 
biopsies. Genes above background (mean + 2SD of negative controls) with fold change of 2.0 or 
above and P < 0.05 in CCLE relative to healthy controls were selected and compared with genes 
with fold change greater than 2.5 and P < 0.05 in DO11→TLR9KO (group 2) mice relative to control 
DO11→TLR9WT (group 1) Ii-TGO mice. n = 3 each of CCLE, SCLE, psoriasis subjects, and healthy 
controls. Benjamini-Yekutieli procedure was used for multiple comparisons.

https://www.jci.org
https://www.jci.org
https://www.jci.org/128/7
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tured on an Olympus BX51 microscope (NIS Elements imaging soft-
ware version 3.10) at ×100, ×200, and ×400 magnification.

Immunofluorescence. Skin tissue was snap-frozen in OCT (Tis-
sueTek) medium. For Ig staining, 5 μm cryostat sections were fixed 
in cold acetone, blocked with 5% goat serum in 1% BSA/0.1% Tween 
20, and incubated with anti-mouse IgG DyLight-488 Ab (Poly4053, 
BioLegend) for 1 hour. Nuclei were counterstained and mounted with 
ProLong Gold Antifade with DAPI (Life Technologies). Images were 
captured on a Zeiss LSM 700 confocal microscope at ×200 magnifi-
cation. For TUNEL staining, 5 μm paraffin-embedded skin sections 
were processed per the manufacturer’s instructions (In Situ Cell Death 
Detection Kit, TMR red, MilliporeSigma). Nuclei were counterstained 
and mounted with ProLong Gold Antifade with DAPI (Life Technolo-
gies). Images were captured on a Zeiss LSM 700 confocal microscope 
at ×200 and ×400 magnification.

Cell isolation from skin. Cells were isolated from the epidermis or 
combined epidermis/dermis as described previously (30, 83). Briefly, 
to isolate cells from the epidermis, shaved torsal skin was harvested, 
lightly defatted, and incubated in 2 ml Trypsin-EDTA (0.5%, ×10, 
Thermo Fisher) at 37°C for 1 hour. Using forceps, epidermal cells were 
scraped off into a petri dish containing 10% cRPMI. Cell suspension 
was filtered through a 100 μm filter, washed with cRPMI, and stained 
for flow cytometry. To isolate cells from combined epidermis and 
dermis, shaved torsal skin was harvested, minced, and digested for 
45 minutes at 37°C with 2.0 mg/ml collagenase XI from Clostridium 
histolyticum (Sigma-Aldrich), 0.5 mg/ml hyaluronidase from bovine 
testes (Sigma-Aldrich), and 0.1 mg/ml DNAse (Sigma-Aldrich). Single 
cells were washed with 10% cRPMI, filtered through a 100 μm filter, 
and stained for flow cytometry or cultured for intracellular cytokine 
staining as described above.

Gene expression analysis. For mouse NanoString analysis, skin 
biopsies from mice were harvested and stored in RNAlater (QIAGEN) 
overnight at 4°C and then transferred to –80°C until processed with the 
RNeasy Mini Kit (QIAGEN) per the manufacturer’s instructions. RNA 
was quantified using a Nanodrop ND-1000 spectrophotometer (Ther-
mo Fisher Scientific). For RNA analysis, 100 ng total RNA was hybrid-
ized to a NanoString cancer immune code set of 750 genes according to 
the manufacturer’s protocol (NanoString Technologies Inc.). The gene 
expression data were normalized to a set of 6 internal positive and 8 
internal negative controls and then to 20 housekeeping genes. Values 
above the threshold (mean + 2SD of the negative controls) were consid-
ered for analysis. Normalized log2-transformed values were analyzed 
using nSolver analysis software 3.0, and unbiased hierarchical clus-
tering was used to generate the heatmap in the open-source R-based 
software (heatmap2) at UMMS. Genes significantly upregulated in 
group 2 and group 3 and with a fold change value of 2.5 or above rela-
tive to group 1 were further analyzed and classified into genes with P > 
0.05 and genes with P < 0.05 between groups 2 and 3. The Benjamini- 
Yekutieli procedure was used to calculate the FDR for analysis.

For human NanoString and microarray analysis, the UMass 
Memorial (Worcester, Massachusetts, USA) surgical pathology data-
base (https://www.umassmed.edu/pathology/diagnostic/surgical-
pathology/) was queried for FFPE biopsies between 1997 and 2011, and 
each case was reviewed to verify the diagnosis. ACLE, SCLE, CCLE, 
and psoriasis samples were identified. Control skin was acquired from 
“dog ears” resulting from excisions in the dermatology clinic. After 
sample identification, medical records were reviewed to confirm a 

BALB/c DO11 mice (C.Cg-Tg [DO11.10]10 Dlo/J; Jackson Laboratory) 
and BALB/c IFN-γ–/– mice (C.129S7 [B6]-Ifngtm1Ts/J; Jackson Labora-
tory) were used to generate DO11 IFN-γ–/– mice.

In vitro culture and adoptive transfer of T cells. Magnetic bead- 
purified DO11 CD4+ T cells (BD IMag magnetic particles) were activat-
ed using OVA peptide–pulsed (323-339, GenScript) irradiated spleen 
cells (as source of APCs) as described previously (81). 107 T cells were 
injected i.v. into sublethally irradiated (4 Gy) age- and sex-matched 
TLR9WT, TLR9KO, TLR7KO, and TLR7/9DKO Ii-TGO recipient mice. To 
induce expression of the TGO transgene in the MHCII cells, mice were 
fed with 200 mg/kg of Dox chow (Bio-Serv).

VPD450-labeled cell-proliferation assay. DO11 CD4+ T cells were 
labeled with Violet Proliferation Dye (BD Horizon) at a final concen-
tration of 3.5 μM/1 × 107 cells/ml PBS and incubated for 5 minutes in 
a 37°C water bath, followed by quenching with 10% complete RPMI 
1640 medium (cRPMI). 107 VPD-labeled T cells were injected i.v. into 
age- and sex-matched TLR9WT, TLR9KO, and TLR7/9DKO Ii-TGO recipi-
ent mice that were or were not fed with Dox. At day 5 after T cell injec-
tion, mice were euthanized and T cell proliferation in the sdLNs was 
analyzed by flow cytometry.

Flow cytometry. Single-cell suspensions obtained from spleen, 
sdLNs, and skin were analyzed by flow cytometry using fluorochrome-
conjugated mAbs to mouse CD4 (clone RM4-5, Tonbo Biosciences), 
DO11 TCR (clone KJ126, BD Biosciences), CD45R/B220 (clone RA3-
6B2, Tonbo Biosciences), CD95 (clone Jo2, BD Biosciences), GL-7 
(clone GL-7, eBioscience), CD11b (clone M1/70, BioLegend), Ly6C 
(clone 1A8, BioLegend), Ly6G (clone 1A8, BioLegend), CD11c (clone 
N418, BioLegend), CD45 (clone 30-F11, eBioscience), CD86 (clone 
GL1, BioLegend), MHCII (clone I-A/I-E, BioLegend), FasL (clone 
MFL3, BD Biosciences), CXCR5 (clone SPRCL5, BioLegend), CD279/
PD1 (clone RMP1-30, BioLegend), and CD317/PDCA1 (clone 129c1, 
BioLegend). Fixable viability dye (ef780, eBiosciences) and Ghost Dye 
Violet 510 (TONBO Biosciences) were used to distinguish live and 
dead cells. Intracellular staining was carried out on cells preincubated 
with PMA (Sigma-Aldrich), ionomycin (Sigma-Aldrich), and GolgiPlug 
(BD Biosciences) for 4 hours. Cells were permeabilized and fixed with 
eBioscience FOXP3/transcription factor staining buffer (Invitrogen) 
and subsequently incubated with fluorochrome-conjugated mAb to 
mouse IFN-γ (clone XMG1.2, eBioscience), IL17a (clone ebio17B7, 
eBioscience), Tbet (clone ebio-4B10, eBioscience), GATA3 (clone 
TWAJ, eBioscience), and RORγT (clone B2D, eBioscience). Flow 
cytometric analysis was carried out using a BD LSR II with FACSDiva 
software (BD Biosciences), and analysis was conducted with FlowJo 
software 9.7.6 (TreeStar).

ANAs. ANAs were detected by immunofluorescence staining of 
HEp-2 antigen substrate slides (MBL Bion). Bound Ab was detected 
with DyLight 488–coupled goat anti-mouse IgG Ab (Poly4053, Bio
Legend). Images were captured on a Nikon E600 microscope (NIS 
Elements imaging software version 4.3) at ×200 magnification.

ELISpot assay. Ab-forming cells were detected with 96-well mul-
tiscreen filter plates that were coated overnight at 4°C with 5 μg/ml 
polyclonal goat-anti mouse κ (Southern Biotech) and processed as 
described previously (64).

Histology. Histologic inflammation was assessed in formalin-fixed 
paraffin-embedded (FFPE) skin biopsy specimens from mice. Sec-
tions of 5 μm were deparaffinized and stained with H&E, periodic 
acid-Schiff stain (PAS) and Alcian blue stain (82). Images were cap-

https://www.jci.org
https://www.jci.org
https://www.jci.org/128/7
https://www.umassmed.edu/pathology/diagnostic/surgical-pathology/
https://www.umassmed.edu/pathology/diagnostic/surgical-pathology/
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Study approval. The identification and acquisition of FFPE samples 
from ACLE, SCLE, CCLE, and psoriasis patient skin were approved 
by the Institutional Review Board at the University of Massachusetts 
Medical School. Mice were bred and maintained in the Department of 
Animal Medicine of the University of Massachusetts Medical School 
in accordance with the regulations of the American Association for the 
Accreditation of Laboratory Animal Care. All protocols were approved 
by the Institutional Animal Care and Use Committee.
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classical clinical presentation as well as to determine the clinical lupus 
subtype. All samples were deidentified before use in experiments. 
For gene expression analysis, human skin biopsies were processed 
as described earlier (51). Briefly, RNA was extracted with the High 
Pure RNA Paraffin Kit (Roche) and analyzed by Illumina Bioanalyzer. 
HumanHT-12 v4.0 Whole-Genome DASL HT Assay (Illumina Inc.) 
was used for microarray gene expression profiling of FFPE human 
samples according to the manufacturer’s instructions. RNA isolation 
from FFPE sections, quality control, and subsequent Whole-Genome 
DASL HT assay were performed by the Genomics Core Facility at the 
Wistar Institute (Philadelpia, Pennsylvania, USA). Microarray data 
were normalized, transformed, and presented as base 10 values. Mul-
tiple comparisons were done using the Benjamini-Hochberg (FDR) 
procedure. All original microarray data were deposited in the NCBI’s 
Gene Expression Omnibus database (GEO GSE109248).

NanoString gene expression data were processed as above using 
the NanoString human cancer immune code set of 730 genes. Twenty 
genes present in the murine cancer immune code set were not pres-
ent in the human array. As per the manufacturer’s recommendations, 
RNA samples were adjusted to input of approximately 100 ng of RNA 
fragments greater than 300 nucleotides, which was then hybridized 
to the cartridge. Further analysis was performed with the nCounter 
Analysis System. Values above the threshold (mean+2SD of the nega-
tive controls) were considered for analysis. Genes with a fold change 
value of 2.0 or above and P < 0.05 relative to the healthy controls were 
compared with the group 2 genes with fold change greater than 2.5 
relative to group 1 mice. The Benjamini-Yekutieli procedure was used 
to calculate the FDR for analysis.

IFN-aR Ab treatment. Anti–IFN-aR (250 μg) (MAR1-5A3) (46) or 
isotype control Ab was injected i.p. into 400R/Dox TLR9KO Ii-TGO 
mice (n = 6 mice per group) twice a week starting on the day of T cell 
injection and continuing until mice were euthanized. The murine 
anti–IFN-aR Ab clone 5A3 and control murine IgG1 Ab clone 1A7 were 
produced and provided by MedImmune. Clinical monitoring for the 
development of skin lesions was performed until the mice were euth-
anized for analysis at 5 weeks after T cell transfer. A 4-point clinical 
scoring scale was used to quantify skin disease based on the clinical 
parameters of scaling, alopecia, and erythema, which were each given 
a score of 0–4. Scores for individual clinical parameters were summed 
for each mouse.

Statistics. Statistical analyses were performed using Prism software 
version 7.0 (GraphPad). Experiments are reported as mean ± SEM. Data 
were analyzed using a 2-tailed Student’s t test for comparison between 
2 data sets. Multiple comparisons were analyzed by 1-way ANOVA and 
2-way ANOVA, followed by Šidák’s multiple-comparison post hoc test. 
Differences were considered significant at a P value of less than 0.05.
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