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SUMMARY:
A native Western blot method for analyzing endogenous interferon regulatory factor 5 dimerization in the CAL-1 plasmacytoid dendritic cell line is described. This protocol can be applied to other cell lines as well.

[bookmark: Long_Abstract]ABSTRACT:
[bookmark: OLE_LINK56][bookmark: OLE_LINK57][bookmark: OLE_LINK14][bookmark: OLE_LINK50][bookmark: OLE_LINK51]Interferon regulatory factor 5 (IRF5) is a key transcription factor for regulating the immune response. It is activated downstream of the Toll-like receptor myeloid differentiation primary response gene 88 (TLR-MyD88) signaling pathway. IRF5 activation involves phosphorylation, dimerization, and subsequent translocation from the cytoplasm into the nucleus, which in turn induces the gene expression of various pro-inflammatory cytokines. A detection assay for IRF5 activation is essential to studying IRF5 functions and its relevant pathways. This article describes a robust assay to detect endogenous IRF5 activation in the CAL-1 human plasmacytoid dendritic cell (pDC) line. The protocol consists of a modified nondenaturing electrophoresis assay that can distinguish IRF5 in its monomer and dimer forms, thus providing an affordable and sensitive approach to analyze IRF5 activation.

[bookmark: Introduction]INTRODUCTION:
Interferon regulatory factor 5 (IRF5) is an important transcription regulator that plays a prominent role in regulating the immune response, particularly in the release of pro-inflammatory cytokines and type I interferons (IFNs)1-3. Misregulation of IRF5 is a contributing factor in numerous autoimmune diseases, as evident by various polymorphisms in the IRF5 locus that are associated with systemic lupus erythematosus, multiple sclerosis, rheumatoid arthritis, etc.4-10. Therefore, a robust detection assay for endogenous IRF5 activation state is crucial for understanding the regulatory pathways and downstream effects of IRF5 in a physiologically relevant cellular context. 

IRF5 is constitutively expressed in monocytes, dendritic cells (DCs), B cells, and macrophages1,11. As with other IRF family transcription factors, IRF5 resides in the cytoplasm in its latent state. Upon activation, IRF5 is phosphorylated and forms homodimers, which then translocate into the nucleus and bind to specific regulatory elements of genes encoding type I IFNs and pro-inflammatory cytokines, eventually inducing the expression of these genes1,2,11-13. IRF5 regulates the innate immune responses downstream of various Toll-like receptors (TLRs), such as TLR7, TLR 8, and TLR 9, which are localized in endosomes and use MyD88 for signaling1,11,14. These TLRs primarily recognize foreign nucleic acid species such as single-stranded RNA (ssRNA) and unmethylated CpG DNA that are symptomatic of an infection15-18. IRF5 has been shown to regulate immune responses against bacterial, viral, and fungal infections19-21. Considering IRF5’s influential and diverse role in the immune system, enhancing or dampening IRF5 activity could serve as a novel avenue for the development of therapeutic agents22. Hence, it is critical to develop a protocol to monitor the activation status of endogenous IRF5 to allow thorough investigation of the pathways and mechanisms regulating IRF5 activity in different cell types. 

To the best of our knowledge, no biochemical or gel electrophoretic assay for endogenous IRF5 activation has been published prior to the development of this protocol. Phosphorylation has been shown to be an important first step of IRF5 activation, and a phosphospecific IRF5 antibody was developed that led to the discovery and confirmation of a serine residue important for IRF5 activity13. However, while the antibody clearly detects phosphorylated IRF5 when immunoprecipitated or overexpressed23, it fails to detect IRF5 phosphorylation in a whole cell lysate in our hands (data not shown). Dimerization is the next step of IRF5 activation, and many important studies to date investigating this step relied on overexpression of epitope-tagged IRF5, often in irrelevant cell types that do not normally express IRF511,12,24,25. Previous studies have shown that dimerized IRF5 may not always translocate into the nucleus and hence is not necessarily fully activated25,26. An assay for endogenous IRF5 nuclear localization was developed to assess IRF5 activation by imaging flow cytometry27. This assay has been applied in studies that were crucial to understanding IRF5 activity, especially in primary or rare cell types28,29 and greatly advanced the knowledge in the field. However, this assay relies on a specialized instrument that is not widely available to researchers. Further, it is often necessary to investigate the initial steps of activation while dissecting IRF5 regulatory pathways and identifying upstream regulators and pathway components. This study provides a robust and reliable biochemical assay for the early activation events of IRF5 that can be performed in labs equipped with molecular biology tools. The protocol described here will be very useful in investigating the pathways and mechanisms of IRF5 actions, especially when combined with orthogonal assays such as the imaging flow cytometric analysis of IRF5 nuclear localization23,27,28,30.

Native polyacrylamide gel electrophoresis (native PAGE) is a widely used method to analyze protein complexes31,32. Unlike sodium dodecylsulfate polyacrylamide gel electrophoresis (SDS-PAGE), native PAGE separates proteins on the basis of their shape, size, and charge. It also retains native protein structure without denaturation31,33-35. The protocol presented takes advantage of these features of native PAGE and detects both monomeric and dimeric forms of IRF5. This method is particularly important for detecting early activation events because there is no suitable commercially available antibody that can detect endogenous phosphorylated IRF5. Previously, several published studies used native PAGE to assess IRF5 dimerization. However, the majority of these studies depended on the overexpression of exogenous epitope-tagged IRF5 to analyze activation status2,13,24,36,37. This work presents a step-by-step protocol for analyzing endogenous IRF5 dimerization via a modified native PAGE technique in a human plasmacytoid dendritic cell (pDC) line, where IRF5 activity has been shown to be crucial for its function1,38-40. This same technique has been applied to other cell lines23.

[bookmark: Protocol]PROTOCOL: 

[bookmark: OLE_LINK91][bookmark: OLE_LINK20][bookmark: OLE_LINK21]NOTE: The protocol described here uses CAL-1 pDC cell line treated with resiquimod (R848), an agonist for TLR7/8. This protocol has been applied to other human and murine cell types, including RAW 264.7 (murine macrophage line), THP-1 (human monocytic cell line), BJAB (human B cell line), Ramos (human B cell line), and MUTZ-3 (human dendritic cell line)23.

1. Stimulation of CAL-1 cells

[bookmark: OLE_LINK37][bookmark: OLE_LINK38]1.1. Maintain CAL-1 cell cultures in a T75 flask at 37 °C and 5% CO2 under sterile conditions with 20−25 mL of RPMI 1640 medium containing 5% fetal bovine serum (FBS), 25 mM HEPES, and 1x mercaptoethanol (i.e., complete RPMI 1640 medium).

1.2. Transfer the cells into a 50 mL conical tube.

NOTE: CAL-1 cells are non-adherent. For adherent cell types, standard trypsinization can be performed to harvest cells.

[bookmark: OLE_LINK41][bookmark: OLE_LINK42][bookmark: OLE_LINK39][bookmark: OLE_LINK40]1.3. Centrifuge the cells at 200 x g for 5 min at room temperature (RT). Remove supernatant and resuspend the cell pellet in 8 mL of the complete RPMI 1640 medium to obtain a homogeneous single cell suspension.

1.4. Count the cells using a hemocytometer. Seed the cells at a density of 1 x 106 cells per well in a 6 well plate with 4 mL of preheated complete RPMI 1640 medium in each well. Incubate for 20−24 h at 37 °C and 5% CO2 to allow the confluency to reach 90%−95% (corresponding to approximately 1.5 x 106 cells).

1.5. Stimulate the cells by adding 4 µL of 1 mg/mL R848 per well of the 6 well plate (final concentration of 1 µg/mL). Also set up an unstimulated control well with cells without the R848 treatment. 

1.6. Ensure the R848 is evenly dispersed by gently rocking the plate side to side. Then, incubate the cells for 2−16 h in the incubator at 37 °C and 5% CO2.

[bookmark: OLE_LINK49]2. Extraction of cellular proteins

2.1. Transfer the cell suspensions from the 6 well plate into 5 mL centrifuge tubes.

[bookmark: OLE_LINK47][bookmark: OLE_LINK48][bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK45][bookmark: OLE_LINK46]2.2. Centrifuge at 200 x g for 5 min at RT. Remove the supernatant and resuspend the cell pellet in 1 mL of phosphate-buffered saline (PBS) to obtain a homogeneous single cell suspension. 

2.3. Transfer the cell suspension into a 1.5 mL centrifuge tube.

2.4. Spin down briefly at 12,000 x g for 0.5−1 min at 4 °C and carefully remove the supernatant.

2.5. Prepare the lysis buffer containing 6.25 mL of 1 M Tris-HCl pH 7.4 (final concentration of 25 mM), 7.5 mL of 5 M NaCl (final concentration of 150 mM), 0.5 mL of 0.5 M EDTA (final concentration of 1 mM), 2.5 mL of NP-40 (final concentration of 1%) and 7.5 mL of glycerol (final concentration of 5%) in 250 mL of deionized water (ddH2O). Add 100x protease inhibitor single-use cocktail to a final concentration of 1x to the lysis buffer just before use. Keep the prepared lysis buffer on ice.

[bookmark: OLE_LINK65][bookmark: OLE_LINK66][bookmark: OLE_LINK22]NOTE: The lysis buffer without the protease can be stored at 4 °C. 

2.6. Resuspend the cell pellet in 30 µL of ice-cold lysis buffer and mix by pipetting up and down. 

2.7. Incubate on ice for 15−20 min. 

2.8. Clarify the lysate by centrifuging at 12,000 x g for 15−20 min at 4 °C. Transfer the supernatant into a new prechilled 1.5 mL centrifuge tube. Keep the extracts on ice at all times.

NOTE: Cell lysates can be stored at -20 °C or -80 °C. Do not boil the samples.

2.9. Measure protein concentration using Bradford reagent.

3. Analysis of IRF5 dimerization by native PAGE

3.1. Prepare the upper (-) and lower (+) chamber electrophoresis buffers. The upper chamber buffer consists of 0.3% sodium deoxycholate (NaDOC) in 1x native PAGE running buffer, and the lower chamber consists of only 1x native PAGE running buffer. 
[bookmark: OLE_LINK13]
NOTE: Prepare a fresh upper chamber buffer for every new run.

3.2. Rinse a 3%−12% native PAGE gel thoroughly with water without distorting the wells. Set the gel into the mini gel tank and remove the comb. Prerun the gel in a 4 °C cold room or on ice at 150 V for 30 min. 

NOTE: Prerunning removes excessive ammonia and persulfate ions that can interfere with the running of the gel.

3.3. During the prerun, prepare the samples for loading by mixing the cellular proteins kept on ice with 4x native sample buffer.

3.4. After the prerun, load 10−15 µg of protein with a final volume of 10−15 µL per sample. 

NOTE: Overloading of protein can cause smearing. 

3.5. Run gel at 85 V for 30 min, then 150 V for 2 h.

3.6. Soak the gel in SDS running buffer (25 mM Tris pH 8.3, 250 mM Glycine, 0.1% SDS) for 30 min at RT. 

NOTE: No agitation is required. Occasionally, the intensity of the band may not be proportional to the amount of protein loaded due to inefficient transfer in the presence of deoxycholate (DOC), which mainly affects the monomeric form of IRF5. Soaking the gel in SDS running buffer prior to the transfer solves this problem. The gel is fragile. Handle with extreme care from the bottom (i.e., higher percentage) end of the gel.

4. Immunoblot analysis of IRF5

[bookmark: _GoBack]4.1. Activate the polyvinylidene difluoride (PDVF) membrane by soaking it in methanol for approximately 5 min.

[bookmark: OLE_LINK5][bookmark: OLE_LINK6]4.2. Make a cut on one corner of the membrane to indicate its orientation. Assemble the transfer sandwich according to the sequential order detailed in the manufacturer’s protocol with extra care to ensure that no air bubbles are trapped within. 

4.3. Place the transfer cassette into the tank and transfer at 20 V for 1 h on ice.

NOTE: Perform all incubations and washes in subsequent steps with a rocking shaker.

4.4. Remove the membrane from the cassette with plastic forceps after the transfer is completed. Block the membrane in blocking buffer (TBS) for 45 min at RT. 

NOTE: TBS buffer with 5% BSA can also be used as a blocking buffer.

[bookmark: OLE_LINK58][bookmark: OLE_LINK59]4.5. Incubate the membrane with the primary antibody listed in Table 1. Wash the membrane with 1x TBST washing buffer (20 mM Tris, pH 7.0, 150 mM NaCl and 0.1% Tween 20) for 3 min while rocking. Repeat the wash 2x. 

[Place Table 1 here]

4.6. Incubate the membrane with the secondary antibody listed in Table 1. Wash the membranes for 3 min in 1x TBST washing buffer. Repeat the wash 2x. 

4.7. Scan the blot using an appropriate gel documentation system.

[bookmark: Representative_Results]REPRESENTATIVE RESULTS:
The immunoblot (IB) with an anti-IRF5 antibody was performed on CAL-1 cells unstimulated or stimulated with 1 µg/mL R848 for 2 h (Figure 1). Cell lysates were prepared, and the native PAGE was performed. In unstimulated CAL-1 cells, IRF5 was detected as a single band on the native PAGE, corresponding to its monomeric form. Upon treatment of CAL-1 cells with R848 for 2 h, the level of IRF5 monomer decreased with a concurrent increase in the accumulation of a slowly migrating band that corresponded to the dimeric form of IRF5.

[bookmark: OLE_LINK80][bookmark: OLE_LINK81][Place Figure 1 here]

The immunoblot with anti-IRF5 antibody was performed on IRF5-overexpressing 293T cells untransfected and transfected with various constructs. Cell lysates were prepared and native PAGE was performed (Figure 2). No IRF5 was detected in untransfected 293T cells, demonstrating the specificity of the anti-IRF5 antibody. A single band corresponding to monomeric IRF5 was only detected in the 293T cells overexpressing IRF5. When constructs encoding IRF5-activating proteins, including NRIG (constitutively active RIG-I), MAVS, and IKKβ were cotransfected, a slowly migrating band corresponding to the dimeric form of IRF5 appeared. However, NMDA5 (constitutively active MDA5), a related protein to RIG-I, did not induce IRF5 dimerization when cotransfected. 

[Place Figure 2 here]

[bookmark: Figure_Legends][bookmark: OLE_LINK3][bookmark: OLE_LINK4]FIGURE AND TABLE LEGENDS:
Figure 1: Endogenous IRF5 dimerized in CAL-1 cells when stimulated with TLR7/8 agonist. CAL-1 cells were untreated or treated with R848 for the indicated time. Protein samples were resolved by native PAGE and followed by IB using the anti-IRF5 antibody. 
[bookmark: OLE_LINK60][bookmark: OLE_LINK61]
Figure 2: Cotransfection of IRF5-activating factors induced IRF5 dimerization in 293T cells. The 293T cells were untransfected (lane 1) or transfected with IRF5 (lane 2) along with various IRF5 regulators (lanes 3−6). Protein samples were resolved by native PAGE and followed by IB using the anti-IRF5 antibody. NRIG = N-terminal of RIG-I; NMDA5 = N-terminal of MDA5. (Originally published in The Journal of Immunology. KT Chow, C Wilkins, M Narita, R Green, M Knoll, YM Loo and M Gale Jr. 2018. Differential and Overlapping Immune Programs Regulated by IRF3 and IRF5 in Plasmacytoid Dendritic Cells. J. Immunol. 201 (10) 3036-3050. Copyright © 2018 The American Association of Immunologists, Inc.23)

Table 1: Specifications of the antibodies used in the immunoblotting procedure.

[bookmark: Discussion]DISCUSSION:
The protocol described here is a modified native PAGE that distinguishes both monomeric and dimeric forms of endogenous IRF5. There have been few studies reporting the detection of endogenous IRF5 activation using the specialized imaging flow cytometry technique23,27,28,30. This protocol uses a common technique and commonplace reagents and tools to assess the endogenous IRF5 activation state during the early events of activation. The protocol entails simple modifications to a standard native PAGE protocol to enable distinction between the monomeric and dimeric forms of IRF5. It can be easily adapted to studies using other cell lines23. This modified native PAGE protocol can resolve endogenous IRF5 in its two forms clearly without non-specific protein interferences (Figure 2). Endogenous IRF5 from unstimulated cells was detected as a clear single band in this gel system, whereas treatment with R848 for 2 h resulted in the appearance of a band corresponding to IRF5 dimers (Figure 1).

A native PAGE dimerization assay for IRF3, a similar transcription factor to IRF5 in the same family, has been developed and widely used in the past two decades32. Despite extensive testing and troubleshooting, we were unable to apply the same protocol that employs the Laemmli Tris-glycine system to resolve IRF5 monomer and dimer. The protocol described in this article uses Bis-Tris gradient gels, which have a very different chemistry to the Tris-glycine single percentage gels used in the IRF3 protocol. The different pH and chemical composition of the gel electrophoretic systems may be crucial in distinguishing the various forms of IRF3 and IRF5. Indeed, IRF3 and IRF5, while similar, have different properties (e.g., isoelectric points and modification sites) likely resulting in different behavior while being separated on different gel systems.

A 1x native PAGE running buffer containing DOC was used for the gel run. The buffer needs to be prepared fresh or kept in a clean and protein-free environment to avoid the appearance of white precipitates clouding the solution in the upper chamber as a result of DOC precipitating non-specific proteins. It is highly recommended that the extracted endogenous IRF5 samples be subjected to the native PAGE as soon as possible, preferably within a week with minimal freeze-thaw cycles. Otherwise, there may be significant protein degradation. The degradation is observed with storage at both -80 °C and -20 °C. In addition, the pH of the SDS running buffer and the TBST washing buffer should be adjusted at RT. 

The ideal final volume of sample loaded in each well was 10−15 µL, but slight adjustments might be required depending on different cell types. After the initial run at 85 V for 30 min, it is recommended to continue running the gel at 150 V for approximately 2 to 3 h to attain distinct separation and resolution of the IRF5 monomer and dimer. After the run is finished, it is of utmost importance to handle the gel meticulously from its bottom end due to its differential levels of density, ranging from 3% at the top and increasing towards 12% at the bottom. In this case, it is preferable to remove the gel from the plate by immersing it in the used running buffer, which acts as an impact cushion to minimize friction and allows the gel to float away from the plate to avoid breakage. 
 
A few minor drawbacks of this protocol include the limited selection of gels available to achieve the desired results. Homemade gels and a few other brands of commercially available gels have been tested without success. In our hands, use of a commercial running buffer and gel system contributed to the robustness and reproducibility of this protocol, although extensive testing of homemade buffers has not been performed. Attention to detail is essential, and experience is key to success in obtaining clear results. Lastly, the resolution of IRF5 required a long time (i.e., 2−3 h) to get an ideal separation of the monomer and dimer. Further enhancement and modifications in the future can improve the efficiency and minimize the drawbacks of this protocol. 

In conclusion, this protocol is a robust assay for the detection of endogenous IRF5 monomer and dimer. It is suitable for applications in various human and murine cell types expressing endogenous IRF5. It will be a valuable tool to study the IRF5 regulatory pathways and signaling components in various cell types. 
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