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Abstract

Interferon Regulatory Factor (IRF)3 is a crucial transcription factor during innate immune 

responses. Here we show IRF3 also has a role in adaptive T cell immune responses. Expression of 

IFN-γ, IL-17, and Granzyme B (GrB) during in vitro T cell responses was impaired when either 

dendritic cells (DCs) or T cells were derived from IRF3KO mice. Unexpectedly, IRF3–dependent 

NK-activating molecule (INAM), which is an NK cell activating factor of the DC innate immune 

response, was induced during the T cell response. Additionally, supernatants from responding T 

cells induced ISG54 in the RAW264.7 macrophage cell line in an IRF3 dependent manner. 

Moreover, addition of anti-IFN-γ prevented supernatant induction of ISG54 and recombinant IFN-

γ stimulated ISG54 expression. Thus, IRF3 in APCs and T cells is required for optimal T-cell 

effector function and the ability of T cells to influence innate immune function of APCs.
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1. Introduction

For complete clearance of microbes during infection both innate and adaptive immune 

responses are necessary. The traditional view is that innate immune responses occur within a 

day after viral infection by initiating expression of Interferon-stimulated genes (ISGs) and 

genes for NK cell activation. ISG54 is a critical anti-viral factor induced in cells to initiate 

apoptosis for innate control of viral replication (1). IRF3–dependent NK-activating molecule 

(INAM) is an inducible cell surface molecule expressed on dendritic cells (DCs) that 

stimulates NK cell activation (2). On the other hand, adaptive immune effector functions 
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develop slowly during the first week after viral infection. Adaptive immunity for viral 

infections requires CD4 T cell responses that produce IFN-γ (3) and CD8 T cell responses 

that produce Granzyme B (GrB) and IFN-γ(4). GrB is critical to T cell cytotoxicity against 

virus-infected cells (5) and IFN-γ promotes Th1 differentiation and anti-viral effects (6). In 

contrast, CD4 T cell expression of IL-17 is linked to viral persistence and pathology during 

certain viral infections (7). Moreover, inducible Foxp3+ CD4 Tregs exhibit plasticity in the 

presence of IL-6 from inflammatory macrophages, which induces IL-17 expression but 

represses Foxp3 expression (8). While it is well-known that the innate immune response can 

shape the adaptive immune response, T cell factors produced during adaptive immune 

responses are expected to feedback to cells, such as macrophages, enhancing their innate 

immune responses (9). Very few studies have examined contributions from adaptive T cell 

responses that enhance innate immune responses.

Most of the research regarding Interferon Regulatory Factor 3 (IRF3) in immunity has dealt 

with its role in innate anti-viral responses. However, recent studies have uncovered an 

unexpected link between IRF3 and T cell immune responses in mice during infection (10, 

11) and during responses to antigens (12). We recently reported that mice deficient in IRF3 

had impairments in memory T cell expression of GrB and IFN-γ during T cell responses to 

Influenza A and Theiler’s virus infection (11). This role for IRF3 in T cells responses may 

be the result of IRF3 activation in APCs that participate in T cell responses, where it 

transcriptionally regulates expression of APC cytokines governing T cell differentiation 

during the response. We speculated that impaired T cell responses could be due to 

inadequate production of IL-12 (13), IL-15 (14), IL-6 (15), and IL-23 (16), all of which rely 

on IRF3 for expression and which promote T cell expression of IFN-γ, GrB, and IL-17 (17). 

However, addition of these cytokines to T cell responses of mice deficient in IRF3 failed to 

restore expression of GrB and IFN-γ. Another possibility is that IRF3 may simply 

contribute to T cell development at the thymus. However, Taniguchi found that relative to 

other leukocytes, the percentage of total T cells, CD4 T cells, and CD8 T cells is unaffected 

by IRF3 gene ablation (1). Still further IRF3 may be activated in the T cells, themselves. 

Finally, IRF3 may contribute to the manner in which adaptive T cell responses feedback 

onto APCs to enhance their innate immune responses.

Cytokines produced during T cell responses may indeed feedback to APCs and augment 

innate immune responses (9). A number of innate immune responses involve activation of 

IRF3 including expression of IFN-β (18), interferon stimulated genes (ISGs), such as ISG54 

(1), and NK-activating factors, such as INAM (2). The experiments here were designed to 

clarify the role for IRF3 in development of T cell effector functions and production of T cell 

factors that feedback to stimulate expression of ISGs and INAM by APCs. The results show 

that IRF3 in T cells and APCs is required for full development of T cell effector function 

during immune responses. Moreover, we found that IFN-γ from responding T cells was 

responsible for IRF3 dependent expression of ISG54.
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2. Materials and Methods

2.1. Mice and cells

Female C57BL/6 mice were purchased from Harlan Sprague Dawley and used at 10–12 

weeks of age. Female IRF3 deficient mice (IRF3KO) on the C57BL/6 background were 

offspring of breeder pairs obtained from Dr. Karen Mossman (McMaster University), 

originally produced by Dr. Tadatsugu Taniguchi from the University of Tokyo (19). The 

absence of IRF3 in IRF3KO mice was periodically verified by western blot (data not 

shown). Experimental animal procedures using mice were approved by and conducted in 

accordance with the Institutional Animal Care and Use Committee (IACUC) at the 

University of Nebraska Medical Center. Total splenic mononuclear cells were isolated by 

dissociating spleens through 70 µM mesh followed by red blood cell lysis. Purified T cells 

from spleens were isolated using an EasySep T cell isolation kit from Stem Cell 

Technologies (Vancouver, BC, Canada). 2.5 × 106 splenic mononuclear cells were mixed 

with biotinylated antibodies to CD11b, CD19, CD24, CD45R, B220, CD49b, and TER119 

before eliminating cells with these cell surface proteins using avidin-magnetic spheres. Bone 

marrow (BM)-derived DCs were generated as originally described (20) and previously 

generated by one of us (21), where they were found to be 60–70% CD11c+. Briefly, BM 

cells from C57Bl/6 or IRF3KO mice were incubated for 8 days with 5 ng/ml GM-CSF in 

RPMI media containing 10% FBS and 50 µg/ml gentamycin. Fresh GM-CSF was added at 

day 3, 5, and 7 before harvesting DCs at day 8. RAW264.7 cells (RAW-Lucia™ and RAW-

IRF3KO-Lucia (IRF3 gene knockout)) were obtained from InVivogen (San Diego, CA), 

both of which stably express a plasmid containing a secreted luciferase reporter gene under 

the control of the ISG54 promoter-5X ISRE. These cells were used as previously described 

(22).

2.2 T cell stimulation

T cells in 2.5 × 106 primary C57BL/6 and IRF3KO splenic mononuclear cells were 

stimulated with 1 µg/ml anti-CD3 and/or 1 µg/ml anti-CD28 and/or 25 µg/ml poly I:C. 

Alternatively mixtures of 3 × 104 DCs were incubated with 3 × 105 purified T cells from 

C57Bl/6 or IRF3KO mice in culture media were stimulated with these factors. Stimulated 

cells were incubated at 37°C in 5% CO2 for 24 or 48 h. At those times supernatants were 

collected for ELISAs and RNA extracted for qRT-PCR.

2.3 ELISAs

ELISA plates were coated with antibodies to mouse IFN-γ or IL-17 (Ebiosciences, Sand 

Diego, CA). After blocking and washing, supernatants or serial dilutions of recombinant 

IFN-γ or IL-17 (Ebiosciences) were added. After 2 h, biotinylated antibody to mouse IFN-γ 
or IL-17 was added to each well. After 1 h, streptavidin-horseradish peroxidase (1:1,000; 

BD-Pharmingen) was added for 30 min, and then 3,3-,5,5--tetra-methyl-benzindine–

hydrogen peroxide solution was added to each well. Cytokine concentrations were estimated 

by determining optical densities at a 450-nm wavelength (OD450s) with a reference OD570 

using an ELISA plate reader.
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2.4 RNA preparation and qRT-PCR

RNA was extracted from cells using the Purelink kit from Ambion/Invitrogen (Carlsbad, 

CA) according to the manufacturer’s specifications. One hundred nanograms to 1 µg of 

RNA was reverse transcribed as before (23). cDNA samples were incubated with the 

following primer pairs (Invitrogen): Granzyme B sense 5’ TCCTGCTACT GC TG AC 

CTTGTC 3’ and antisense 5’ ATGATCTCCCC TG CC TT TGTC 3’, INAM sense 5’ 

CAACTGCAATGCCACGCTA 3’ and antisense 5’ TCCAACCG AACACCTGAGACT 3’, 

or GAPDH sense 5’ TTGTCAGCAATGCATCCTGCAC 3’ and antisense 5’ ACAGC 

TTTCCAGAGGGGCCATC 3’. Quantitative PCRs were run on an ABI Prism 7000 thermal 

cycler at 50°C for 2 min and 95°C for 10 min, followed by 45 cycles of 95°C for 15 s and 

60°C for 30 s. Cycle thresholds (CT) of sample were normalized to the CT of GAPDH for 

that sample (CT) and then normalized to the average CT of the control samples (CT), after 

which data were expressed as relative levels of mRNA using 2ΔΔCT.

2.5 Single Color Flow Cytometry

On day 7 of BMDC induction, cells were fixed with 4% paraformaldehyde, washed, and 

permeabilized in 0.2% Tween 20 in PBS for 15 minutes at 37°C. Following 

permeabilization, cells were washed with .1% Tween 20 in FACS buffer (PBS with 0.1% 

Sodium Azide and 2% FBS), and blocked with TruStain fcX™ (Biolegend 101320) for 10 

minutes. Cells were then stained with APC-anti-CD11c (Ebioscience, clone N418), PE-anti-

TLR3 antibody (Biolegend 141904), or PE-Isotype control (Biolegend 400508) for 30 

minutes on ice. Cells were washed twice with 0.1% Tween 20 in FACS buffer, washed twice 

with FACS buffer, and then analyzed immediately using a FACSCalibur cell analyzer and 

the data were analyzed with FlowJo software.

2.6 ISG54 promoter activity

Supernatants from T cell / DC cell cultures stimulated with anti-CD3/anti-CD28 without 

poly I:C were diluted 1:4 in fresh media. Supernatants from T cell/DC cell cultures with 

anti-CD3/anti-CD28 with poly I:C were diluted 1:8. These diluted supernatants were then 

incubated with 105 RAW-Lucia or IRF3KO-RAW-Lucia cells in culture media for 24 h. 

Additionally, serial dilutions of recombinant IFN-γ (Biolegend 575302) were added to 105 

RAW-Lucia or IRF3KO RAW-Lucia cells. Recombinant IFN-β (250 pg/ml) (R&D 

124001-1) and PolyI:C (25ug/ml) were also used as positive controls for responses of RAW-

Lucia and IRF3KO-RAW-Lucia cells. To assess secreted luciferase at 24 h, 10 µl of 

supernatants were assayed using the QUANTI-Luc assay of InVivogen.

2.7 IFN-γ neutralization assay

Supernatants from T cell / DC cultures were diluted 1:4 in culture media and incubated with 

either PBS, 250 ng/ml IFN-γ neutralizing antibody (Clone: R4-6A2; Biolegend 505705), or 

250 ng/ml isotype control antibody (Biolegend 400413) at 37°C for 90 min prior to 

incubation with 105 RAW-Lucia cells for 24 hours. 10ul of supernatants were assayed for 

secreted luciferase using the QUANTI-Luc assay from InVivogen.
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2.8 Statistical analysis

Where appropriate, data were subjected to two-way analysis of variance and the Student t 

test to determine the significance of differences between sample means using the statistical 

program in Microsoft Excel. P values of <0.05 were considered significant.

3. Results

3.1 IRF3 deficiency modulates T cell responses in vitro

We previously reported that IRF3 deficiency in mice impairs IFN-γ and GrB expression 

from memory T cells following infections with Influenza A virus or Theiler’s virus (11). To 

determine if these impairments include other T cell factors, such as IL-17, we stimulated T 

cells of splenic mononuclear populations from C57Bl/6 or IRF3KO mice with anti-CD3 

with or without anti-CD28 in the presence or absence of poly I:C, a TLR3 agonist. As 

expected, IFN-β expression in response to poly I:C was impaired during stimulation of 

IRF3KO mononuclear cells with anti-CD3 with or without anti-CD28 (data not shown). 

Deficiency of IRF3 resulted in significantly decreased production of IFN-γ at 24 and 48 h 

during the responses (Fig. 1A). Addition of poly I:C during stimulation did not significantly 

enhance IFN-γ production from T cells of C57Bl/6 mice but did significantly enhance 

production of IFN-γ from T cells of IRF3KO mice to levels greater than IRF3 sufficient T 

cells. Similar to IFN-γ, IL-17 production from IRF3 deficient T cells was impaired and poly 

I:C partially restored IL-17 production (Fig. 1B). In contrast, expression of GrB was only 

impaired in IRF3 deficient T cells stimulated with anti-CD3 plus anti-CD28, and poly I:C 

did not restore GrB expression during the response (Fig. 1C). Therefore, deficiency of IRF3 

significantly decreases IFN-γ, IL-17 and GrB, but unexpectedly IRF3 deficiency increased 

production of IFN-γ from T cells responding in the presence of poly I:C.

To determine if the enhanced IFN-γ production in IRF3KO T cells treated with poly I:C is 

related to diminished Treg activity we evaluated Foxp3 expression. IRF3KO cultures that 

were not treated or those that were stimulated with anti-CD3 ± anti-CD28 in the presence of 

poly I:C had significantly less Foxp3 expression compared to stimulated wild-type cells with 

poly I:C (Fig. 1D). These data suggest that IRF3 contributes to expression of Foxp3 and 

diminished Foxp3 expression of IRF3KO T cells is could be somewhat responsible for 

enhanced IFN- γ production from stimulated IRF3KO T cells.

3.2 INAM is induced during T cell responses with APCs

To determine if these impairments in T cell cytokines and GrB were due to intrinsic 

deficiency of IRF3 in T cells, APCs, or both, we generated bone marrow DCs (BMDCs) 

from C57Bl/6 and IRF3KO mice. We confirmed that 70–80 % of the BMDCs are CD11c+ 

(Fig. 2A). These BMDCs were combined at an optimum DC to T cell ratio of 1:10 with 

enriched T cells from either C57Bl/6 or IRF3KO mice. Cell mixtures were stimulated with 

anti-CD3 with or without poly I:C. Since we used the TLR3 agonist, poly I:C, we first 

evaluated TLR3 levels in the DCs. We found that BMDCs from both WT and IRF3KO mice 

expressed TLR3 (Fig. 2A, B). Because IRF3 activation during the T cell response is 

transitory and would be difficult estimate when it would occur, we measured expression of 

INAM as a measure of IRF3 activation because its expression in response to poly I:C in DCs 
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and macrophages is absent during IRF3 deficiency (24). After 48 h of stimulation of T cells 

with anti-CD3, all DC/TC combinations expressed INAM regardless of IRF3 status (Fig. 

3A). Although the highest expression of INAM seemed to occur in combinations with WT 

DCs, this trend was not statistically significant in each experiment. Therefore as expected, 

IRF3 contributes significantly to INAM expression and it is likely that activation of IRF3 

occurs in BMDCs at some time during T cell responses with APCs.

3.3 IRF3 deficiency in both APCs and T cells impairs T cell responses

Production of IFN-γ (Fig. 3B) and IL-17 (Fig. 3C) and expression of GrB (Fig. 3D) 

declined during the T cell responses when IRF3 was absent in either T cells or DCs. The 

least amount of IFN-γ, IL-17, and GrB was produced and expressed during T cell responses 

when both T cells and DCs were deficient in IRF3. In each circumstance, with or without 

poly I:C, IRF3 deficiency in T cells or DCs independently lowered cytokine and GrB 

production to a significant degree (Table 1, 2). Stimulation of T cell/DC cultures with anti-

CD3 plus anti-CD28 resulted in similar effects on IFN-γ production (Fig. 3B, E), as well as 

on expression of INAM, IL-17 and GrB (data not shown). As expected, anti-CD28 alone did 

not stimulate any production of IFN-γ (Fig. 3E), or production of IL-17, GrB, or INAM 

(data not shown). Similarly, T cells alone stimulated with anti-CD3 with or without anti-

CD28 did not produce detectable IFN-γ by 48 h (data not shown). Therefore, the results 

indicate that highest induction of IFN-γ, IL-17, and GrB during T cell responses depends on 

IRF3 activity in both T cells and DCs.

3.4 Factors produced during T cell responses with APCs induce ISG54 promoter activity

As suggested by INAM expression, stimulated T cells could produce factor(s) that in turn 

cause APC expression of ISGs in an IRF3 dependent manner (1). To see if ISG expression 

could be induced during T cell responses, we determined the ability of supernatants from T 

cell/DC cultures to induce ISG54 promoter activity in RAW264.7 cells (RAW-Lucia) 

compared with RAW264.7 cells in which the IRF3 gene is deleted (RAW-Lucia-IRF3KO). 

The supernatants from T cell/DC cultures stimulated with anti-CD3 with or without poly I:C 

induced ISG54 promoter activity in RAW-Lucia cells but not in RAW-Lucia-IRF3KO cells 

(Fig. 4A,B). Moreover, the T cell factor(s) that induce ISG54 was dependent on IRF3, as 

supernatants from IRF3KO DCs or IRF3KO T cells induced significantly less ISG54 

compared to those from C57BL/6 DCs or C57BL/6 T cells (Fig. 4A). The supernatants from 

the combination IRF3KO DC and TC induced the lowest amount of ISG54 promoter 

activity. Moreover, supernatants from T cell/DC cultures stimulated with poly I:C alone (Fig. 

4A) or with anti-CD28 alone (data not shown) induced little ISG54 promoter activity. 

Therefore, soluble factors produced during T cell responses induce ISG54 expression in 

APCs in an IRF3 dependent fashion.

3.5 IFN-γ is essential for T cell mediated induction of ISG54 promoter activity in APCs

One of the cytokines produced during stimulation of T cell/APC cultures is IFN-γ, which 

has been shown to induce ISG54 from APCs (25). Therefore, we stimulated RAW-Lucia and 

RAW-Lucia-IRF3KO cells with recombinant IFN-γ. In a dose dependent fashion, IFN-γ 
stimulated ISG54 promoter activity in RAW-Lucia cells with IRF3 but not in RAW-Lucia-

IRF3KO cells (Fig. 4C). We also stimulated RAW-Lucia cells and RAW-Lucia-IRF3KO 
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cells with several concentrations of IFN-β, which is known to induce expression of ISGs 

through an ISGF3 complex composed of STAT1, STAT2, and IRF9 (26). IFN-β stimulated 

ISG54 promoter activity in both the WT RAW-Lucia cells and the IRF3KO RAW-Lucia 

cells. However, the IRF3 deficiency decreased expression of ISG54 induction in response to 

IFN-β. Altogether, these data demonstrate that IFN-γ is sufficient to induce ISG54 in APCs 

in an IRF3 dependent fashion.

We next wanted to see if IFN-γ was the responsible soluble factor in the responding T 

cell/DC supernatants for induction of ISG54 promoter activity. T cell/DC supernatants were 

treated with a neutralizing antibody targeting IFN-γ, prior to incubation with RAW-Lucia 

cells. ISG54 activity was almost completely abolished when neutralizing antibody was 

added to the anti-CD3 or anti-CD3/poly I:C T cell/DC supernatants compared to 

supernatants alone, or supernatants with an isotype control antibody (Fig. 5B, C). In 

contrast, control supernatants from unstimulated T cell DC cultures failed to induce ISG54 

promoter activity, which was unaffected by IFN-γ neutralizing antibody (Fig. 5A). 

Supernatants from poly I:C alone T cell/DC cultures stimulated a small level of ISG54 

promoter activity, which was not affected by IFN-γ neutralizing antibody (Fig. 5D). 

Therefore, IFN-γ is the essential IRF3 dependent factor produced by responding T cells that 

induces ISG54 promoter activity in APCs.

4. Discussion

The appropriate differentiation of T cells responding to pathogens is central to adaptive 

immunity and the establishment of correct T cell effector functions to resist the microbial 

infection at hand. The results here confirm that IRF3 is required for induction of cytokines 

and GrB during T cell responses. Moreover, the data indicate that there are independent roles 

for IRF3 in both T cells and DCs for induction of IFN-γ, IL-17, and GrB. IRF3 is a 

transcription factor that is constitutively expressed by most cells and post-translationally 

activated in response to viral infection (27), intracellular bacterial infection (28), TLR4 

signaling (29), HMGB1 (30), DNA damage (31), or endoplasmic reticulum stress (32). 

Therefore, it is not entirely surprising that IRF3 plays a significant role in development of T 

cell effector functions. During viral infections, TLR3 binding to dsRNA of viruses in 

endosomes is linked to signaling pathways that activate cytoplasmic TBK1/IKKε, which 

ultimately activate IRF3 (33). However, IRF3 activation can occur if cells become infected 

with viruses as well (34). In this case, cytoplasmic helicase Retinoic Acid Inducible gene-I 

(RIG-I) recognition of uncapped 5’-triphosphorylated-RNA (35) and Melanoma 

Differentiation-associated gene (MDA)-5 recognition of RNA from picornaviruses that are 

triphosphorylated and capped with viral protein (VPg) induces RIG-I and MDA5 interaction 

with mitochondrial MAVS (also known as, IPS-1, CARDIF, VISA) that then activates 

TBK1/IKKε for IRF3 phosphorylation (36). TBK1/IKKε activation of IRF3 can also occur 

upon host recognition of viral DNA via the STING pathway (37). Ultimately, activation of 

IRF3 is a common feature of macrophage and DC innate anti-viral responses (38, 39). The 

unique aspect of the data presented is the indication that IRF3 dependent genes are activated 

during T cell responses with DCs and this activation occurs without the addition of 

exogenous RNA or DNA.
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IRF3 is a key transcription factor for IFN-β expression and innate anti-viral immune 

responses (40). We and others showed that IRF3 also contributes to production of IL-6 (41), 

IL-15 (24), IL-12 (13), and IL-23 (16) during innate immune responses. These APC 

cytokines are also known to be important for expression of GrB (42–44), IFN-γ (45), and 

IL-17 (17) by T cells in adaptive immune responses. Several other transcription factors have 

been linked to development of specific T cell responses. The transcription factor 

Eomesodermin (Eomes) is associated with cytolytic T cell differentiation (46), T-bet is 

associated with IFN-γ from T cells (47), and ROR-γT with IL-17 from T cells (48). A more 

recent paper showed that IRF3 is activated during responses of purified naïve T cell to anti-

CD3/anti-CD28 (12). Moreover, CD4 and CD8 T cells that were differentiated under Th17 

and Tc17 conditions express ROR-γt and activated IRF3 together and both of these 

transcription factors interacted together in the cytoplasm of responding T cells (12). Binding 

of IRF3 to ROR-γt intracellularly in Tc17 cell dampened IL-17 production from responding 

Tc17 cells but not from responding naïve T cells. It is still unclear if IRF3 interacts with or 

influences Eomes and T-bet in T cells. However, association of IRF3 with other transcription 

factors is not unexpected. Activated IRF3 interacts with several additional transcription 

factors including IRF7 or CBP/p300 (49). The data in the present report suggest that IRF3 

association with Eomes and T-bet is a possibility.

In the present report during responses of T cells with DCs, one of the ISGs, ISG54, and an 

NK cell activating factors, INAM, are expressed in an IRF3 dependent fashion. Previously 

we showed that activation of IRF3 was required for expression of INAM by macrophages in 

response to poly I:C nucleic acid (24). However here, even in the absence of exogenous 

nucleic acids, expression of ISG54 and INAM was induced during T cell responses with 

DCs. We show that T cell IFN-γ stimulates ISG54 promoter activity in an IRF3 dependent 

manner. It is also likely that other ISGs are induced during T cell responses. ISG54, also 

called IFN-induced protein with tetratricopeptide repeat 2 (IFIT2), is one of 3 related murine 

ISGs (ISG56/ IFIT1, ISG54/ IFIT2, and ISG49/IFIT3). In humans, ISG54 is one of four 

related proteins, with ISG56/IFIT1, ISG58 /IFIT5, and ISG60/IFIT3 being the other three 

(50). Previous reports showed ISG54 expression in response to IFN-γ (25). This under-

investigated effect of IFN-γ on ISG54 expression suggests that this is related to its potent 

anti-viral effects and may also be related to its potent anti-cancer effector function. Taken 

together the results here demonstrate that the transcription factor, IRF3, is involved in T cell 

responses. IRF3 contributes to expression of several T cell effector molecules but is also 

involved in responses of APCs to T cell IFN-γ.
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Abbreviations

IRF Interferon Regulatory Factor

IFN Interferon

GrB Granzyme B

ISG Interferon stimulated gene

DCs Dendritic cells

INAM IRF3–dependent NK-activating molecule

Eomes Eomesodermin
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Highlights

• IRF3 is required in both T cells and APCs for optimal T cell effector 

function

• IRF3 dependent innate immune factors of APCs are induced during T 

cell responses

• IFN-γ from T cells induces ISG54 in macrophages in an IRF3 

dependent manner.
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Fig. 1. 
IRF3 deficiency reduces T cell cytokine and Granzyme B expression during T cell responses 

with APCs. Primary splenic mononuclear cells (2.5 × 106) from C57Bl/6 and IRF3KO mice 

were stimulated with 1 µg/ml anti-CD3 with or without 1 µg/ml anti-CD28 with or without 

25 µg/ml poly I:C for 24 or 48 h. Forty eight h supernatant levels of IFN-γ (A) and IL-17 

(B) were assayed by ELISA, mRNA levels for GrB (C) and Foxp3 (D) were determined by 

qRT-PCR. Data are means ± SE, * indicates p< 0.05; NT indicates no treatment.
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Fig. 2. 
CD11c and TLR3 expression by BM-DC DCs of C57Bl/6 (B6) or IRF3KO mice. DCs were 

derived by incubating BM cells with GM-CSF for 7 days as described in Methods section. 

Cells were harvested, stained with PE-anti-TLR3, APC-anti-CD11c, or PE-Ig-Isotype 

control antibody and then FACS analyzed. Data are scatter plots of cells Forward Scatter vs. 

PE-anti-TLR3 stained or APC-anti-CD11c stained cells (A) or histograms of PE-anti-TLR3 

stained cells in the total population (B).
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Fig. 3. 
INAM is induced during T cell responses and IRF3 contributes to T cell expression of 

cytokines and GrB. BM-derived DCs from C57Bl/6 (B6) or IRF3KO mice were incubated in 

cell culture with T cells (TC) from C57Bl/6 (B6) or IRF3KO mice (3 × 104 DCs with 3 × 

105 TCs) and left unstimulated or stimulated with anti-CD3 with or without poly I:C (A–D) 

or stimulated with anti-CD3/anti-CD28 with or without poly I:C (E). After for 48 h 

supernatants were collected for IFN-γ (B,E) and IL-17 (C) ELISAs or total RNA isolated 

for INAM (A) and GrB (D) qRT-PCR. Data are means ± SE, * indicates p< 0.05 using two-
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tailed Student t test. Results shown are representative of two independent experiments (n = 

3)
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Fig. 4. 
Soluble factors from T cell responses with APCs induce ISG54 promoter activity in an IRF3 

dependent fashion. Supernatants from Fig. 3 (A, B) or recombinant IFN-γ, poly I:C, or 

recombinant IFN-β (C) were incubated with RAW-Lucia (105) or IRF3KO RAW-Lucia 

(105) cells. Secreted luciferase from RAW-Lucia or IRF3KO RAW-Lucia was measured 24 h 

after incubation of these cells with T cell supernatants or recombinant IFN-γ, poly I:C, or 

recombinant IFN-β. Data are mean of relative luciferase activity ± SE, * indicates p< 0.05 
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using two-tailed Student’s t test. Results shown are representative of two independent 

repeats (n = 3)
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Fig. 5. 
IFN-γ from T cell responses with APCs induces ISG54 promoter activity. Supernatants from 

Fig. 3 were incubated with IFN-γ neutralizing antibody, isotype control immunoglobulin, or 

PBS for 90 minutes at 37°C. Control supernatants (A), supernatants from cells stimulated 

with anti-CD3 (B), anti-CD3 plus poly I:C (C), or poly I:C (D) were then incubated with 105 

RAW-Lucia cells for 24 hours. After 24 hours secreted luciferase in supernatants was 

measured. Data are mean of relative luciferase activity ± SE, * indicates p< 0.05 using two-

tailed Student’s t test. Results shown are representative of two independent repeats (n = 3)
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