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Objective: Use a highly potent and selective small molecule inhibitor of interleukin-1 associated 

kinase (IRAK) 4, PF-06650833, to demonstrate its role in autoimmune pathophysiology in vitro, 

in vivo and in the clinic.

Methods: Rheumatoid arthritis (RA) inflammatory pathophysiology was modeled in vitro 
through stimulation of primary human macrophages (MΦ) with anti-citrullinated protein antibody 

(ACPA) immune complexes (IC), RA fibroblast-like synoviocyte (-FLS) cultures stimulated with 

toll-like receptor (TLR) ligands, as well as additional human primary cell co-cultures. Systemic 

lupus erythematosus (SLE) pathophysiology was simulated in human neutrophils, dendritic cells 

(DC), B cells and PBMC stimulated with TLR ligands and SLE patient IC. PF-06650833 was 

evaluated in vivo in the rat collagen-induced arthritis (CIA) model and the mouse pristane-induced 

and MRL/lpr models of lupus. Finally, RNASeq data generated with whole blood samples from 

a Phase 1 multiple ascending dose clinical trial of PF-06650833 were used to test in vivo human 

pharmacology.

Results: In vitro, PF-06650833 inhibited human primary cell inflammatory responses to 

physiologically relevant stimuli generated with RA and SLE patient plasma. In vivo, PF-06650833 

reduced circulating autoantibody levels in the pristane-induced and MRL/lpr murine models of 

lupus and protected rats from CIA. In a phase 1 clinical trial (NCT02485769), PF-06650833 

demonstrated in vivo pharmacology pertinent to SLE by reducing whole blood interferon (IFN) 

gene signature expression in healthy volunteers.

Conclusion: These data demonstrate that inhibition of IRAK4 kinase activity can reduce 

markers of inflammation in humans and provide confidence in the rationale for clinical 

development of IRAK4 inhibitors for rheumatologic indications.

Introduction

Rheumatoid arthritis affects approximately 1% of the population, manifesting in joint 

pain and tissue destruction characterized in seropositive cases by antibodies against 

post-translationally modified proteins, as well as IgM (rheumatoid factor, RF)(1, 2). 

Cellular players in RA inflammation include not only lymphocytes but also neutrophils, 

macrophages, osteoclasts, and synovial fibroblasts. Treatments for RA include both small 

molecule disease-modifying anti-rheumatic drugs (DMARDs) as well as biologics(3). The 

ability to sustain remission rates over time in RA remains disappointingly low, highlighting 

the need for additional therapeutic mechanisms(4).

Systemic lupus erythematosus is also a systemic disease mediated by autoantibodies, and 

is characterized by tissue inflammation and damage to multiple organ systems including 

joints, skin and kidney(5). Defects in the clearance of apoptotic and necrotic cells have 

been demonstrated, allowing access to nuclear antigens by autoantibodies(6). Resulting 

immune complexes activate numerous immune cell types, including DC and B lymphocytes. 

Treatments for SLE include corticosteroids and anti-malarials, but efficacy is limited and 

long-term use is associated with toxicity. The BAFF neutralizing antibody belimumab was 

approved in 2015, and while it provides benefit to some SLE patients, there is clear medical 

need remaining(5).
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Interleukin-1 receptor activated kinase 4 is a central regulator of the innate immune 

response. IRAK4 transmits signals from TLRs and IL1R by binding the adaptor protein 

MyD88 and inducing signals through IRAK1 and IRAK2(7, 8). The downstream result of 

myddosome assembly is activation of nuclear factor kappa B (NFΚB), interferon regulatory 

factor 5 (IRF5) and mitogen activated protein kinase (MAPK) (9). Deletion of IRAK4 or 

inactivation of IRAK4 kinase activity in mice prevents the development of inflammation in 

multiple models of inflammatory disease(10–14). Cells from IRAK4-deficient humans also 

show no response to TLR or IL1R family ligands that signal through MyD88(15).

Several studies have recently highlighted the efficacy of IRAK4 inhibitors in human cells 

and pre-clinical models of inflammation(16–20). However, clinical development has been 

hampered by debate over the role of IRAK4 kinase activity in disease, as there is a 

significant role for kinase-independent signaling by IRAK4(21, 22). We have shown that 

inhibition of the kinase activity of IRAK4 does not significantly affect IL1- or TLR-induced 

NFkB or MAP-kinase activation and show minimal suppression of IL1 induced cytokines, 

whereas IRAK4 null cells are devoid of IL1 or TLR activation of NFkB, MAP-kinase 

activation and production of cytokines(7, 23). Additionally, several in vitro studies have 

suggested that IRAK4 inhibitors, which are efficacious in rodent cells, are not efficacious 

in human cells(22, 24, 25). It has also been speculated that inhibition of both IRAK4 and 

IRAK1 kinase activities may be required for efficacy in human cells(21, 22). A new report 

using an IRAK4 inhibitor has confirmed the requirement for IRAK4 kinase activity in 

mouse and human dendritic cells and B cell activation as well as in several in vivo models 

of SLE(20). However, translation of in vitro efficacy of IRAK4 inhibitors to reduction of 

inflammation in humans is lacking.

We have recently developed potent and selective inhibitors of IRAK4 with little activity 

against IRAK1(18). Here, we demonstrate that PF-06650833 reduces responses to disease-

relevant stimuli in human cells and in animal models of RA and SLE. Importantly, we show 

that administration of PF-06650833 to humans resulted in the suppression of an interferon 

gene signature in a Phase 1 multiple ascending dose (MAD) clinical trial(26). Thus, selective 

IRAK4 inhibitors reduce signals of inflammation in humans and are potential therapeutics 

for autoimmune disease.

Materials and Methods

All details of materials and methods are supplied in Supplementary Materials. The 

identification of PF-06650833 and methods used to define its pharmacology were previously 

described(18).

Human and rodent cytokine release assays.

Human, mouse and rat whole blood collected under IRB- and IACUC-approved protocols 

and anti-coagulated with heparin, or PBMCs derived therefrom, were incubated with 

PF-06650833, exposed to TLR ligands, and cytokines assayed by Mesoscale Discovery 

assay kits (MSD).
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IRAK4 Occupancy.

Occupancy of the IRAK4 ATP binding site was quantified via blockade of covalent labeling 

with a biotin-labeled ATP probe followed by immunoprecipitation and western blotting for 

IRAK4.

Macrophage ACPA-IC induced TNFα.

Human MΦ were exposed to inhibitors, then incubated with ACPA-IC and supernatant 

cytokine measured by MSD.

Biomap Diversity PLUS Panel.

The BioMAP Diversity PLUS Panel protocols have previously been published (27, 28) and 

were performed at Eurofins.

Human RA-FLS.

Human FLS were incubated with inhibitors, and the noted stimulatory ligands added. 

Supernatants were analyzed by MSD.

The rat collagen-induced arthritis model.

Female Lewis rats were immunized with collagen and then dosed orally with PF-06650833 

or Tofacitnib for 7 days. Paw volume and body weight were measured daily. All procedures 

were reviewed and approved by the Pfizer IACUC.

Netosis assay.

Neutrophils were isolated from human volunteers and SLE patients under IRB-approved 

protocols. Healthy volunteer neutrophils were primed with IFNα2β and stimulated with 

R837 alone or in combination with PF-06650833. Neutrophils derived from SLE patient 

blood samples were cultured in media 8 to 12 hrs. dsDNA was quantified using the Quant-

iT™ PicoGreen™ Kit.

Monocyte IRF5 assay.

PBMC were isolated from healthy human volunteers, incubated with PF-06650833, and 

stimulated with R848 or SLE patient sera. Nuclear localization of IRF5 was measured using 

an Amnis Imaging Cytometer(7).

B cell maturation assay.

Human B cells were isolated from leukopacks, primed with IFNα, incubated with 

PF-06650833, and stimulated with R848. Supernatants were analyzed for cytokines and 

the cells for plasmablast differentiation.

pDC activation assay.

The total DC fraction was obtained from healthy volunteer buffy coats. PDCs were then 

isolated by FACS and cultured with 40% SLE neutrophil supernatants with or without 

PF-06650833. IFN-α levels were measured by ELISA.
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SLE-IC assay.

SLE-IC were generated from patient plasma and used to stimulate human PBMC with or 

without PF-06650833. IFNα were measured by ELISA. IFN-responsive gene expression 

was analyzed by quantitative RT-PCR (qRT-PCR).

Pristane and MRL-lpr in vivo models of SLE.

Procedures were conducted according to the appropriate IACUC regulations. Following 

pristane administration to Balb/c mice, treatment with PF-06650833 was dosed in chow 

weeks 8–20, while prednisone was orally administered once daily weeks 1–20. Serum 

was collected at weeks, 4, 8, 12, and 20. Anti-ds DNA, anti-SSA and anti-RNP were 

quantified by ELISA. Kidney specimens were prepared as described (29) and evaluated by a 

pathologist blinded to the treatment group.

Female MRL/lpr were dosed with standard chow or PF-06650833 for 12–13 weeks. Body 

weights were taken once a week, proteinuria assessments made every other week, and blood 

collection was performed every 4 weeks.

Interferon signature modulation in HV.

The Phase 1 studies of PF-06650833 have been previously described(26). RNA was 

extracted from whole blood and subjected to RNASeq. An equally weighted 21 gene 

signature(30) was analyzed for percent change at day 14 vs day 0.

Results

Pharmacological properties of PF-06650833

PF-06650833 was identified as described previously (Fig 1A)(18). The compound is 

selective as measured by its ability to compete with a covalent analog of ATP in monocyte 

cell lysates by ActivX (La Jolla, CA) (31). Twelve kinases, other than IRAK4, have IC50 

values less than 1 uM (Fig 1B and Table S1), and PF-06650833 is nearly 7000 times more 

selective for IRAK4 than for IRAK1 (Fig. 1B). In PBMCs stimulated with the TLR 7/8 

ligand R848, PF-06650833 had an IC50 of 2.4 nM for the inhibition of TNFα release and 

is potent in human whole blood, giving an IC50 of 8.8 nM (Fig 1C). The free IC50 values 

for PF-06650833 in rodent whole blood were determined to be 5–10 fold less potent than 

in human whole blood, in contrast to previous reports indicating lack of IRAK4 inhibitor 

activity in human cells (24, 25).

Modeling of PF-06650833 IRAK4 pharmacology to select efficacious dose

Pfizer has established the “Three Pillars of Survival” (32) concept to predict clinical success 

based on the ability to measure candidate pharmacology. For PF-06650833, we established a 

system that captured all 3 pillars- free drug concentration (Pillar I), target occupancy (Pillar 

II), and down-stream biological effect (Pillar III)- in an in vitro assay performed in SLE 

patient whole blood (Fig 1D). Increasing concentrations of PF-06650833 (Pillar I, X axis) 

resulted in increased target occupancy (Pillar II, right Y axis), as measured by blockade of 

the IRAK4 binding site from covalent modification by a probe. With a very similar EC50 

value to target occupancy, R848-induced IL-6 release (Pillar III, left Y axis) was inhibited 
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by PF-06650833. Similar results were obtained using blood provided by a healthy volunteer 

(Fig S1). Thus, target occupancy and cytokine inhibition were proportional and predictable 

from compound concentration, allowing us to infer Pillar II, target occupancy, from Pillar III 

assay results. Using experimentally generated EC50, Hill slope, and protein binding values, 

we then examined the relationship between free drug concentration and target inhibition 

for the pre-clinical assays (Figure 1E). The EC50 values for PF-06650833 varied by only 

5-fold in these assays- from 2 to 10 nM- such that achieving greater than 100 nM free 

drug concentration would be expected to inhibit more than 90% of any down-stream biology 

dependent on IRAK4 kinase activity. Thus, our target efficacious concentration (Ceff) for 

pre-clinical experiments was set at 100 nM.

PF-06650833 inhibits pathophysiological processes central to RA.

In the case of seropositive RA, formation of anti-citrullinated protein antibodies (ACPA) 

precedes the clinical diagnosis of RA, are a specific marker of autoimmunity in RA, and 

indicate more rapid progression of disease and poorer treatment response (33, 34). ACPA 

immune complexes (IC) activate MΦ to release TNFα(35). Thus, we tested the ability 

of PF-06650833 to block ACPA-IC induced TNFα. As shown in Figure 2A, 100 nM 

PF-06650833 inhibited TNFα release to 57.5 +/− 17.9 %, p = 0.003 for raw values, paired 

T test, n = 11 donors. As a positive control, we included a bruton’s tyrosine kinase (BTK) 

inhibitor, as this kinase has been previously implicated in MΦ TNF responses to both TLR 

and FcγR ligands(36).

Synovial fibroblasts from RA patients display increased inflammatory responses to TLR 

ligands and IL1β (37, 38). We exposed RA-FLS to inflammatory stimuli in the presence 

or absence of 100 nM PF-06650833 and quantified their inflammatory response. As 

depicted in the heatmap (Fig 2B), PF-06650833 substantially reduced cytokine and matrix 

metalloprotease (MMP) release in response to all ligands profiled. However, PF-06650833 

did not inhibit IL1β-induced cytokines in RA-FLS. This is similar to our previous findings 

with dermal fibroblasts stimulated with IL1β, where cytokine release was only weakly 

affected by IRAK4 inhibition(8, 23). Similar results were also generated using FLS from 

non-RA donors (n = 2), although the magnitude of inflammatory mediators released was less 

(not shown). Intriguingly, PF-06650833 was able to block MMP induction by IL1β, the first 

response to IL1β in non-hematopoietic cells we have found to be IRAK4 kinase-dependent.

We next tested the ability of PF-06650833 to inhibit inflammatory processes in more 

physiologic tissue culture models involving multiple human primary cells using the 

DiscoveRx BioMap® platform and compared the effect to 2 approved RA therapies, 

the TNFα inhibitor Enbrel and the JAK inhibitor Xeljanz. As depicted in Figure 2C, 

PF-06650833 showed the greatest inhibition of inflammatory read-outs in assays of innate 

immunity, notably the LPS-stimulated PBMC plus endothelium assay, with modest activity 

in a small number of endpoints in the B-T cell assay. By contrast and as expected, the JAK 

inhibitor had no impact on assays of innate immunity (LPS, MyoF, /MΦ), blocking only 

responses in the B-T cell assay. Enbrel had yet a third pattern, with predominant activity in 

the myofibroblast and macrophage containing assays, and a modest effect on some readouts 

in the LPS and bacterial superantigen-stimulated PBMC assays. These results indicate that 
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an IRAK4 inhibitor would block a distinct pattern of multicellular inflammatory processes 

in RA to the approved RA treatments.

PF-06650833 reduces inflammation in the rat CIA model.

To model RA in vivo, we profiled PF-06650833 in the rat CIA model. Vehicle, 10 mg/kg 

tofacitinib QD or 3 mg/kg PF-06650833 BID were administered therapeutically for the last 7 

days of the study. The kinetic data from one representative study of 3 is presented in Figure 

3, demonstrating significant inhibition versus vehicle treated animals (0.786 +/− 0.043 mL, 

MN +/− SEM) of paw swelling on Day 7 for both PF-06650833 (0.555 +/− 0.034 mL, MN 

+/− SEM, n = 10 animals per group, p = 0.0005, t-test) and tofacitinib (0.371 +/− 0.044 mL, 

p < 0.0001). Thus PF-06650833 is capable of inhibiting inflammation in vivo, even when 

administered weeks after the initial inflammatory insult.

PF-06650833 inhibits pathophysiological processes central to SLE.

High titers of anti-nuclear antibodies (ANA) are diagnostic for SLE and formation of IC 

contributes to the multi-organ inflammation characteristic of SLE(39). Exposure of the 

immune system to nuclear antigens results from impaired clearance of apoptotic cells 

and/or enhanced release from neutrophils via NETosis(40–42). Lupus immune complexes 

can then induce cytokine release from monocytes, T cell independent B cell maturation, 

as well as activate plasmacytoid DC (pDC) to release type 1 interferons, resulting in the 

characteristic interferon gene signature of SLE(43, 44). We stimulated DNA release from 

human neutrophils by application of the TLR7 agonist R837 for 15h. DNA content in the 

supernatants was significantly higher than from neutrophils incubated in medium alone 

(43.3 +/− 9.6 versus 113.5 +/− 10.7 ng/mL, p = 0.0001 paired T test, n = 3), and was 

completely reversed by pre-incubation with PF-06650833 (45.83 +/− 9.7 ng/mL, p = 0.0017) 

(Figure 4A). Monocytes from SLE patients show higher IRF5 protein expression and nuclear 

localization(45). After confirming the ability of PF-06650833 to inhibit nuclear localization 

of IRF5 stimulated by R848 (23.0 +/− 13.0% vs. 6.8 +/− 4.4%, p = 0.012, 2-way ANOVA, 

n = 3), we demonstrated its capacity to inhibit IRF5 nuclear localization in response to SLE 

patient sera (38.6 +/− 18.4% vs 24.2 +/− 13.0%, p < 0.0001, 2-way ANOVA, n = 12) (Figure 

4B).

Exposure to IFN and TLR7 ligands results in B cell cytokine release and T cell independent 

B cell maturation into plasmablasts(46, 47). Incubation of human B cells with 100 nM 

PF-06650833 prior to IFNα and R848 inhibited B cell IL6 production at 24 h to 50.0 +/− 

16.7 % of control (p = 0.0045, paired T test of raw values, n = 6 donors); IL10 production 

at 72 h to 41.3 +/− 7.1% of control (p = 0.0023, paired T test of raw values, n = 6 donors); 

and CD27+/CD38+ plasmablast differentiation at 7 d to 35.1 +/− 6.6 % of control (p = 

0.02 paired T test of raw values, n = 5 donors) (Figure 4C). Although PF-06650833’s 

potency (IC50) for inhibiting these activities in primary human B cells (not shown) is 

comparable to that for inflammatory cytokine release by other cell types, inhibition is less 

complete than for inflammatory cytokine production by monocytes (48), suggesting IRAK4 

kinase-independent signaling.
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Plasmacytoid DC are a rare population in peripheral blood, but are responsible for the 

majority of IFNα release(44, 49). Neutrophil DAMPs induced pDC to upregulate CD83, 

indicating maturation, and this response was significantly inhibited by pre-incubation 

with 200 nM PF-06650833, and IFNα release from pDC was significantly inhibited by 

compound (755 +/− 147 vs 5.7 +/− 2.5 pg/mL, p = 0.012, paired T test, n = 3) (Figure 4D). 

SLE-IC formed by purifying IgG from plasma of an anti-RNP/anti-dsDNA positive SLE 

patient and mixing with apoptotic cells were used to stimulate human PBMC. PF-06650833 

exposure inhibited IFNα release in all donors, as well as the induction of 3 interferon 

responsive genes- RSAD2, USP18 and GBP1 (p = 0.0008 for treatment, 2-way ANOVA, 

n = 5) (Figure 4E). In summary, numerous SLE pathophysiological processes, including 

neutrophil DAMP release, monocyte inflammatory cytokine response, B cell cytokine 

release and plasmablast differentiation, pDC maturation, and IFNα release as well as the 

resulting interferon gene signature are dependent on IRAK4 kinase activity.

PF-06650833 is therapeutic in mouse models of SLE.

The pristane-induced model of SLE is dependent on TLR activation and results in an 

anti-nuclear autoantibody repertoire similar to that for human SLE(50). Balb/c mice were 

dosed intraperitoneally (IP) with pristane to induce disease, and standard chow was replaced 

8 weeks later with compound-containing chow for the remaining 12 weeks of the study. The 

results from 1 of 2 representative studies are shown in Figure 5. Longitudinal quantitation of 

anti-dsDNA titers revealed a significant increase in anti-dsDNA for pristane-treated animals 

versus control beginning at 12 weeks (10, 977 +/− 1,503 U/mL vs 5294 +/− 678, MN +/− 

SEM, n = 10 animals per group, p = 0.0023) that continued at week 20 (17,645 +/− 3527 

vs 5103 +/− 816 U/mL, MN +/− SEM, p < 0.0001 for comparison by 2-way ANOVA). At 

week 20, therapeutic dosing with PF-06650833 had significantly reduced anti-dsDNA titers 

compared to control (8159 +/− 1282 vs 17,645 +/− 3527, p <0.0001), as had prednisone 

treatment (8608 +/− 1637, p <0.0001). At week 20 there also were significant reductions 

in anti-SSA IgG (2726 +/− 494 vs 7693 +/− 1241 U/mL, MN +/− SEM, p < 0.004, 

Mann-Whitney test) and anti-RNP IgG (3730 +/− 2861 vs 18,127 +/− 7902, MN +/− SEM, p 

= 0.015, Mann-Whitney test) with PF-06650833 treatment.

Kidney inflammation in the pristane model was mild and did not result in proteinuria. As 

there was no increase in renal inflammation, tubular injury nor proteinuria/cast scores in 

response to pristane exposure, the effects of the IRAK4 inhibitor were not evaluated on 

these endpoints. Kidneys in all groups were also evaluated by quantitative image analysis 

(QIA), as described previously(51), for glomerular tuft area, periodic acid Schiff (PAS) 

staining area per tuft, glomerular nuclear area, IgG immunohistochemistry (IHC) and C3 

IHC scores. Of these, only mean glomerular tuft area was significantly increased by pristane, 

and only mean PAS area per tuft was significantly reduced by PF-06650833(1045 +/− 47 

μm2 vs 1252 +/− 45 μm2, MN +/− SEM, n = 8 animals per group, p = 0.013 for comparison 

Kruskal-Wallis test) (Figure 5).

Chow dosing of PF-06650833 was also explored in the MRL/lpr model of SLE. In two 

studies, PF-06650833 significantly reduced lymphadenopathy, anti-histone IgG, histological 

kidney inflammation, glomerular nephropathy, C3 and IgG deposition by IHC, and 
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glomerular tuft area and glomerular nuclear area by image analysis (Fig. S2, S3), while 

showing trends toward reductions in splenomegaly, proteinuria, anti-dsDNA, anti-SSA, and 

tubular injury. As BTK inhibitors have previously shown efficacy in this model (52–54), and 

we previously showed in vivo efficacy of the BTK inhibitor PF-06250112 in the NZB/NZW 

murine model of lupus(29), it was included as a positive control. PF-06250112 significantly 

reduced proteinuria, autoantibody titers, and all renal histological pathology endpoints other 

than PAS area per tuft (Fig. S2, S3). It may well be that in the pristane-induced SLE model 

whereby autoantibodies are induced via TLR activation, IRAK4 kinase activity is essential, 

while in the MRL/lpr model, where autoantibody production is initiated by faulty B cell 

apoptosis, IRAK4 kinase activity is more important for the resulting inflammation than the 

production of autoantibodies themselves.

Selective IRAK4 inhibition reduces interferon signature genes in healthy volunteers.

We have completed two randomized, double-blind, sponsor-open Phase 1 studies of the 

safety, pharmacokinetics, and pharmacodynamics of single- and multiple-ascending doses 

(MAD) of PF-06650833(26). Since the 300 mg dose of a modified release (MR) formulation 

showed maximum pharmacology in reducing CRP at Day 14 of dosing, we evaluated the 

effect of PF-06650833 on an IFN signature (comprised of the normalized expression of 

21 genes, (30)) as a biomarker of systemic inflammation relevant to SLE pathogenesis at 

this timepoint, in comparison to the respective gene signature for each volunteer on Day 

0 prior to dosing. As demonstrated in Figure 6, the IFN gene signature in the placebo 

group had changed positively a median of 9.1%, while that of the PF-06650833-treated trial 

participants was reduced by a median of 28.8% (delta = −37.9%, p=0.015 Wilcoxon test). 

The paired gene score values for each volunteer at Day 0 and Day 14 are also plotted in 

Figure S4, showing minimal regulation in gene scores for placebo treated individuals- 6 of 

11 positive and 5 of 11 negative- whereas the magnitude of change between Day 0 and Day 

14 is consistently higher and 6 of 7 are negative for the PF-06650833 treated individuals. 

Thus, we have demonstrated that in humans, an IRAK4 kinase inhibitor reduces biomarkers 

of inflammation relevant to RA and SLE pathophysiology.

Discussion

Inhibitors of innate immune signaling pathways are potential therapeutic targets for 

treatment of autoimmune diseases(55, 56). In this report, we demonstrate that PF-06650833 

effectively inhibits cytokines produced by MΦ activated by ACPA-IC from RA patients as 

well as pDCs activated by SLE-IC. We also show that PF-06650833 effectively inhibits 

cytokines induced by TLR ligands on RA-FLS but is not effective against IL1β-induced 

cytokines. However, PF-06650833 is effective at blocking MMPs induced by IL1β on these 

cells. The reason for this difference is not known but may result from the differential 

effects of IRAK4 kinase inhibition on early versus late myddosome formation and/or 

differential effects on transcription factor activation. Previously, we have shown that 

inhibition of IRAK4 kinase activity affects IL1β signaling by stabilizing the early form 

of the myddosome that signals primarily through IRAK1 and NFΚB (8, 57). It is possible 

that IL6/8 secretion is induced primarily by signaling via the early myddosome, whereas 

activation of MMPs might be mediated by the late myddosome, which signals through 
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IRAK2(58). Regarding transcription factors, IRAK4 kinase activity is known to block IRF5, 

but not NFΚB or MAPK activation(7) and that these effects are cell type specific(38). It is 

possible that in RA-FLS, chromatin remodeling makes the MMP promoters more dependent 

on IRF5 or other IRAK4 kinase dependent transcription factors.

We also demonstrate that PF-06650833 is efficacious in a rat model of arthritis that did not 

use complete Freund’s adjuvant to ensure it was not driven by TLR. While it is encouraging 

that PF-06650833 significantly reduces severity in the rat CIA model, it is notable that the 

degree of inhibition was not as great as that observed for tofacitinib. It is possible that the 

rapid clearance of PF-06650833 from rodent species (rat t1/2= 0.6 hours(18)), resulted in 

transient loss of IRAK4 target inhibition in rat CIA. We have shown previously that efficacy 

for Tofacitinib is driven by average target occupancy (Cave)(56), while the evidence thus 

far suggests that minimum target occupancy (Cmin) is more relevant for IRAK4 mediated 

efficacy. Thus, the respective efficacy for PF-06650833 and Tofacitinib in rat CIA may 

have to do with target occupancy, mechanism of inhibition, or the respective contribution of 

each kinase to disease pathophysiology. Of greater relevance to the treatment of human RA 

patients, we recently disclosed significant effects on disease activity from a Phase 2 study 

of the efficacy and safety of PF-06650833 in patients with active rheumatoid arthritis and 

inadequate response to methotrexate(57). The clinical response rate at 12 weeks in that study 

were consistent with those reported for Tofacitinib, and the study itself included a cohort 

treated with Tofacitinib. Thus, the respective efficacy of the two molecules will be revealed 

by the publication of data from this clinical trial.

We show here that PF-06650833 can block type-I IFN induced by SLE serum and by 

neutrophil DAMPs in primary human pDCs. We also show that it can block plasmablast 

differentiation and B cell activation induced by TLR ligands and activation of the 

transcription factor IRF5 by SLE serum in monocytes(59, 60). Therapeutic dosing of 

PF-06650833 was efficacious in reducing the induction of all ANA tested in the pristane 

model of SLE, while only significantly reducing one of 3 reactivities assayed in the MRL/lpr 

model. Interestingly, PF-06650833 did show robust inhibition of kidney inflammatory 

histology in the MRL/lpr model. It is unknown whether this difference has to do with the 

different mechanisms of disease initiation in the 2 models or differences in our ability to 

cover the target, as PF-06650833 is rapidly cleared from mouse circulation.

Despite lower potency in rodent cells and rapid clearance from rodent circulation, the in 
vitro and in vivo results generated with PF-06650833 presented here go a long way towards 

settling some of the controversies regarding the relative importance of IRAK1 and IRAK4 

kinase activity in various cell types in mouse and human (16, 19, 21, 22, 24, 25). IRAK4 

kinase activity is necessary for DAMP induced inflammatory signaling in rodent and human 

leukocytes, and IRAK1 kinase activity does not provide a sufficient substitute. A recent 

publication is consistent with our data providing confirmation of the importance of IRAK4 

kinase activity to lupus pathophysiological signaling in dendritic cells, B cells, and in 
vivo models using an unrelated small molecule inhibitor of IRAK4(20). There is further 

work to be done in understanding the role of IRAK4 kinase activity in stromal cells, as 

well as in IL1β-induced inflammation. We have shown that IL1β-induced cytokines from 

human fibroblasts treated with an IRAK4 inhibitor were only weakly inhibited even though 
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IRAK4 autophosphorylation was completely inhibited (8, 61), while inhibition of TLR7/8 

(R848)-induced cytokine production by IRAK4 inhibition coincided with the inhibition of 

IRAK4 autophosphorylation in primary human monocytes(7, 61) Likewise, in the results 

presented here, IL1β-induced cytokines in RA-FLSs were not inhibited by PF-06650833, in 

contrast to MMPs, which were inhibited.

To demonstrate proof of pharmacology in humans, we assessed markers of inflammation in 

a phase 1 clinical trial in healthy volunteers on an exploratory basis. These markers were 

IFN signature, increased in SLE(62), and CRP levels, increased in RA(63, 64). Remarkably, 

basal levels of these markers were present in healthy volunteers and, at a daily dose of 300 

mg MR PF-06650833, we observed statistically significant reductions in both endpoints, 

demonstrating that an IRAK4 inhibitor reduces markers of inflammation in humans. To our 

knowledge, this is the first demonstration of modulating IFN regulated genes in healthy 

volunteers. Together with the CRP data(26), data reported herein represent the first proof 

of pharmacology of a selective IRAK4 inhibitor on inflammatory signaling pathways in 

humans. Altogether, these data strongly support the clinical utility of IRAK4 inhibitors for 

the treatment of multiple human inflammatory autoimmune diseases.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Pharmacological properties of PF-06650833. (A) Structure of PF-06650833. (B) Selectivity 

of PF-06650833 in ActivX ATP occupancy assay in THP1 lysates. The top 26 out of 200+ 

kinases are shown. IC50s were determined by a 5-point dose response curve (full data set 

in table S1) (C) Potency of PF-06650833 in enzyme and cell-based assays. IC50 values 

for enzyme and PBMC assays are a single value, whereas whole blood (wb) assays for 

human, rat and mouse are denoted as total concentration of compound over the non-protein 

bound (free=f) concentration of compound. (wb IC50*[fu/(B/P)] = IC50 free, where fu = 

0.22, B/P = Blood/plasma ratio = 0.91). (D) Demonstration of the relationship between 

free drug concentration, IRAK4 ATP binding site occupancy, and inhibition of downstream 

pharmacology by PF-06650833 in a sample of human SLE whole blood. (E) EC50 data for 

each pre-clinical assay were used to determine that 100 nM was the target free compound 

concentration was required to maintain greater than 90% IRAK4 inhibition across species 

and assays.
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Fig. 2. 
PF-06650833 inhibits RA pathophysiology.(A) Human MΦ were exposed to ACPA-IC 

formed with CCP+ RA sera as described in Methods in the presence or absence of 100 

nM IRAK4i (PF-06650833) or 100 nM BTKi (PF-303). Supernatants were analyzed for 

TNFα by ELISA. (B) Human RA-FLS from were stimulated with 10 ug/ml PAM3Cys 

(TLR1/2), 10 ng/ml LPS (TLR4), 100 ng/ml flagellin (TLR5), or 0.1 ng/ml IL1b in the 

presence or absence of 100 nM PF-06650833. Supernatants were assayed for cytokine and 

MMP content by MSD. Values represent percentage of vehicle control. (C) Compounds at 

the noted concentrations were profiled by DiscoverRx on the BioMAP® platform. Data 

represent the log ratio of compound treated samples to controls, with negative values 

indicating inhibition, and points outside of the gray shading demonstrating a statistically 

significant difference based on assay variability. Each point on the X axis represents the 

result of a different assay endpoint in each assay system: venular endothelial cells (4H), 

peripheral blood mononuclear cells plus venular endothelial cells stimulated with LPS 

(LPS), peripheral blood mononuclear cells plus venular endothelial cells stimulated with 

super antigen (Sag), B cells plus peripheral blood mononuclear cells (BT), lung fibroblasts 

(MyoF), and macrophages plus venular endothelial cells (/Mphg).
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Fig. 3. 
PF-06650833 is efficacious in rat CIA. PF-06650833 was administered 3mg/kg BID or 

Tofacitinib was administered 10 mg/kg PO QD in the rat CIA model for 7 days following 

enrollment. Change in paw volume on each day are presented (Representative data from one 

of 3 experiments are shown).
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Fig. 4. 
PF-06650833 inhibits SLE human pathophysiology. (A) DNA release was measured in 

neutrophil supernatant following exposure to R837 in the presence or absence of 100 nM 

PF-06650833 (MN +/− SD, n = 3 donors) (B) PBMC were exposed to either R848 or SLE 

sera in the presence or absence of 100 nM PF-06650833, incubated for 2 hours at 37oC, 

then analyzed for IRF5 nuclear translocation by Amnis imaging cytometry as described in 

Methods. (C) B cells were exposed to IFNα + R848 in the presence or absence of 100 

nM PF-06650833. Supernatants were harvested at 24 hours for IL6 release and 72h for 

IL10 release. Plasmablasts were quantified by flow cytometry after 6 days. (D) Neutrophils 

were isolated from SLE patients and netosis induced with R837. Supernatants were used to 

stimulate pDC for 24 hours in the presence or absence of 200 nM PF-06650833 prior to 

quantification of CD83 induction by flow cytometry (n=5) or IFNα release by ELISA (n=3). 

(E) PBMC were exposed to SLE-IC in the presence or absence of 100 nM PF-06650833. 

Supernatant was analyzed after 24 hours for IFNα by ELISA and IFN-induced gene 

expression in cells using qRT-PCR.
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Fig. 5. 
Effect of PF-06650833 (weeks 8–20) on pristane-induced SLE: PF-06650833 was 

administered to Balb/c mice by chow dosing during weeks 8–20 following pristane 

administration. Anti-dsDNA was quantified by ELISA on weeks 4, 8, 12, and 20. 

Additional auto-antibody titers as well as immunohistochemical determinations were made 

at termination at week 20. (Representative data shown for 1 of 2 experiments)
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Fig. 6. 
PF-06650833 inhibits type I interferon signature in vivo in humans. 300 mg of MR 

PF-06650833 was administered QD for 14 days in a Phase 1 MAD trial in healthy human 

volunteer subjects. A PAXgene whole blood tube was collected on day 0 prior to the first 

dose and on day 14 prior to administration of the last dose, RNA extracted, and a composite 

gene signature calculated as described in Methods. Plotted is the percentage change in the 

composite gene signature for each individual participant between the two timepoints. (Black 

line indicates median, box indicates 2 center quartiles, n = 11 placebo, n = 7 300 MG MR 

QD)
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