Neutrophil function following treatment of psoriatic arthritis patients with secukinumab: altered cytokine signalling but no impairment of host defence
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Key messages:
Secukinumab treatment improved disease scores of patients with psoriatic arthritis.

Secukinumab treatment of psoriatic patients did not alter neutrophil functions associated with host defence against infections.

Secukinumab resulted in transcriptome changes of circulating neutrophils attributable to altered cytokine signalling in vivo

Abstract
Objective: Identifying that dysfunction of the IL-23/17 axis underlies psoriatic arthritis (PsA) has led to the development of effective targeted therapies, such as the IL-17A inhibitor, secukinumab. As IL-17A stimulates the secretion of neutrophil chemoattractants, such as CXCL8 (IL-8), we examined the effect of secukinumab on neutrophil function in PsA. 

Methods: Nineteen patients with active PsA were treated with secukinumab. Clinical response (PsARC and PASI) and peripheral blood neutrophil function (apoptosis, receptor expression, phagocytosis/killing, chemotaxis and RNA expression) were measured at 12 week intervals for 48 weeks and compared with age- and sex-matched healthy controls. 

Results: At 12 weeks 12/16 (75%) had a PsARC response (100% at 36 weeks) and 10/14 (71%) achieved a PASI90. At baseline, there were no differences in PsA neutrophil ROS generation, constitutive or cytokine-delayed apoptosis, chemotaxis or phagocytosis of opsonised Staphylococcus aureus, compared to healthy controls. Similarly, there were no differences in these functions from baseline to 12-weeks of therapy. However, surface levels of CD11b/CD18 and CD63 increased and expression of CD16 decreased during therapy. In addition, in a sub-group of early (12 week) responders to secukinumab, RNA-seq revealed transcriptome changes predicting down-regulation of cytokine signalling and chemotaxis pathways and up-regulation of de novo gene expression pathways, including translation initiation, mRNA catabolism and translation. 

Conclusion: Complex changes in the properties of circulating neutrophils occur with secukinumab treatment in PsA that may indicate altered responsiveness to changes in both local and systemic levels of pro-inflammatory cytokines. However, host defence processes of neutrophils were unaltered.


Introduction
Psoriatic arthritis (PsA) is a chronic inflammatory arthritis occurring in ~15-20% of patients with psoriasis. As well as joint involvement, extra-articular manifestations, and comorbidity result in a substantial clinical burden(1-3). Early identification, together with a timely diagnosis and effective treatment, is crucial to prevent long-term physical damage and disability. Psoriatic arthritis is one of the spondyloarthritides, which have related but phenotypically-distinct clinical features, but share some common immunological and inflammatory components.
Immunologically, dysfunction in the IL-23/17 axis plays a key role in the underlying pathophysiology of PsA(4). This has led to the development of targeted therapies that selectively inhibit/block these cytokines, such as secukinumab, a fully human monoclonal antibody that neutralises IL-17A(5-8). Secukinumab, licensed for use in psoriasis and psoriatic arthritis, is effective in the management of these conditions, with many benefits over both conventional disease-modifying anti-rheumatic drugs (DMARDs), such as methotrexate and leflunomide, and biologic therapy with TNF inhibitors(9-12), both of which were the previous mainstay of therapy.
Therapeutic inhibition of specific cytokines has the potential to modulate the immune system in therapeutically-beneficial ways, but which may also expose patients to potential unwanted adverse effects, such as the risk of reactivation of latent tuberculosis in as with anti-TNF therapy(13, 14). It is therefore important to investigate the interaction of cytokines, their inhibitors and immune system cells not only in vitro, but also in vivo, in patients with disease receiving specific cytokine-blocking therapy(15, 16).
In addition to their central role in control of microbial infections neutrophils also contribute to pro-inflammatory and often tissue-damaging events in a range of inflammatory conditions(17, 18). Their role in inflammation is traditionally associated with release of tissue-damaging molecules such as reactive oxygen species (ROS) and granule enzymes(19), but also their ability to generate and release a range of pro-inflammatory cytokines and chemokines(20). These latter molecules result in the further rounds of infiltration and activation of more neutrophils and also other cells of the immune system(19). While many of these changes in neutrophil function occur when they infiltrate inflammatory sites after exposure to local activating agents, changes in the function of circulating cells can often be detected. For example, in rheumatoid arthritis many intracellular markers of neutrophil activation, e.g. NF-B activation, are elevated in active disease but return to normal, healthy control levels during successful treatment(21, 22). Hence, measurement of blood neutrophils functions in inflammatory diseases can indicate in vivo activation mechanisms and may also report on changes in disease activity(23). 

In psoriatic disease, Th17 cells infiltrate tissues to generate IL-17A. In psoriasis this then acts upon keratinocytes(24), to generate cytokines and chemokines, including IL-8 and CCL20(25). IL-8 (CXCL8) is a powerful neutrophil chemoattractant and results in the infiltration of neutrophils into skin lesions(26) while CCL20 is also a chemoattractant for neutrophils and Th17 cells(27, 28). Th17 cells are increased in synovial fluid and joint tissues in psoriatic arthritis and IL-17 production by γδT-cells in enthesitis highlights that similar processes are occur in joint disease[4]. Activated neutrophils themselves can express CCL2 and CCL20, which are chemo-attractants for Th17 cells, and additionally Th17 cells can express CXCL8, thus forming a complex cross-talk activation/amplification network(28). This central role of IL-17A in the pathogenesis of psoriatic disease forms the basis of treatment strategies based on IL-17A blockade, such as secukinumab, which has shown efficacy in a number of clinical trials[7]. The aims of this study were to measure blood neutrophil functions in psoriatic arthritis patients, both pre- and post-treatment with secukinumab, and to correlate functional measures with clinical outcomes and with those of control, healthy neutrophils.

Methods
Patients and control volunteers
Nineteen patients with active psoriatic arthritis (fulfilling CASPAR criteria) affecting ≥2 peripheral joints (swollen and tender) that were unresponsive to at least two standard DMARDs were initially recruited to this study: three patients withdrew at different times post-baseline (during follow-up) and were excluded from post-treatment analyses. Patients received secukinumab at either 150 or 300mg via subcutaneous injection once weekly for the first 4 weeks: those with moderate to severe psoriatic skin involvement received 300mg. Maintenance secukinumab at 150mg or 300mg (following standard practice) at 4-weekly intervals was continued for up to 48-weeks depending on severity of skin disease. Response to treatment was assessed at 12-weekly intervals using the Psoriatic Arthritis Response Criteria (PsARC) compared to pre-treatment scores(29). Skin response was assessed at 12-weekly intervals using the Psoriasis Area and Severity Index (PASI): skin response was defined as PASI 90, where at least a 90% reduction in PASI score was achieved compared to pre-treatment skin involvement.

Blood samples were taken at baseline, and at 12- 24- and 48-weeks into the study.  Disease activity using PsARC, PASI 75 and 90 and ACR20 response criteria were assessed at baseline and every 12 weeks. Additionally, blood was taken from 10 healthy controls (age and sex-matched to the patient cohort). Full written informed consent was obtained for all patients and control volunteers under Ethics approval (Greater Manchester West NHS Research Ethics Committee:16/NW/0006). 

Preparation of neutrophils
Blood samples were collected into lithium-heparin vacutainers, and neutrophils isolated following sedimentation in HetaSep and centrifugation on Ficoll-paque(30): contaminating erythrocytes were removed by hypotonic lysis. Neutrophils were examined for purity by Romanowsky staining and microscopic analysis of cytospins, and viability by trypan blue exclusion; these were >97% and >98%, respectively in freshly-isolated cells. Neutrophil functions were measured in secukinumab-treated patients at baseline and at 12-, 24- and 48-weeks post-therapy, and compared to those of age- and sex-matched healthy controls. Low density granulocytes were measured in the PMBC fraction after Ficoll-paque centrifugation, as described previously(31).

Apoptosis
Neutrophils were incubated at 106 cells/mL in RPMI media (Thermo-Fisher) plus 10% human AB serum (Sigma) and incubated at 37°C and 5% CO2 for 20h(32). Cytokines were added as follows: GM-CSF (5ng/mL, Roche); TNFα (10ng/mL, Merck). After incubation, neutrophils (1x105) were removed from culture, diluted with 100μL of HBSS (Thermo-Fisher) containing 0.5μL annexin V-FITC (Thermo-Fisher), and incubated in the dark at room temperature for 15 min.  The total volume was then adjusted to 500μL with HBSS, and propidium-iodide added (final concentration 1μg/mL, Sigma) before analysis immediately on a Dako Cyan ADP flow cytometer. 

Receptor Expression
Antibody staining was carried out immediately after isolation. Neutrophils (1x105) were resuspended in PBS (+0.2% BSA) and incubated at 4°C in the dark for 30min with conjugated antibodies(33): CD62L-FITC (R&D systems); CD11b-PE (R&D systems); CD16-PE (R&D systems); CD18-PE (R&D systems); CD63-APC (Thermo-Fisher); CD64-FITC (R&D systems); CD66b-FITC (R&D systems); isotype controls (Santa Cruz). Fluorescence was measured immediately on a Dako Cyan ADP flow cytometer. Details of antibodies used in this study are shown in Supplementary Table 1. 

ROS production
Neutrophils (5x106/mL) were incubated in the absence (control) or presence of GM-CSF (5ng/mL) or TNFα (10ng/mL) for 30min. Cells (5 x 105) were then added to a 96-well plate, diluted in HBSS containing luminol (10μM) and the respiratory burst stimulated with fMLP (1μM, Sigma) or PMA (100ng/mL, Sigma)(34). Luminescence was measured using a Tecan GENios Plus Luminescence plate reader measuring continuously for 30min.

Phagocytosis of bacteria
Staphylococcus aureus (Oxford strain) were PI-stained and opsonised as described previously(35). Freshly-isolated neutrophils (106/mL) were incubated with PI-labelled, opsonised heat-killed S. aureus (SAPI) at 1:10 in the dark for 30min at 37°C with gentle agitation. Neutrophils were then pelleted by centrifugation, washed twice, and suspended in PBS containing 1mM EDTA, 3mM sodium azide and 1% paraformaldehyde followed by analysis using flow cytometry.

Chemotaxis
Chemotaxis was performed in 24-well tissue culture plates (coated with 12mg/mL poly-hema, Sigma) using hanging cell inserts (Merck) with a 3μm-pore membrane separating media in the upper and lower chambers.  Chemotactic agents were added to 800µL RPMI media in the lower chamber (fMLP at 10-8M and IL-8 at 100ng/mL, final concs, Sigma). Neutrophils (106) were added to the upper chamber and plates incubated for 90min at 37°C and 5% CO2. The number of migrated neutrophils in the lower chamber after 90min was measured using a Coulter Counter Multisizer3 (Beckman Coulter).

RNA preparation
RNA was prepared from peripheral blood neutrophils pre- and 12-weeks post-secukinumab treatment (n=5 of patients who achieved response to secukinumab based on PsARC and PASI 90 at 12-weeks). RNA was isolated and cleaned from 107 neutrophils using Trizol as previously described(36) and stored at -80oC.

Library preparation and RNA sequencing
RNA integrity was analysed by Agilent Fragment Analyser and mRNA enriched using oligo dT selection. Libraries were prepared using standard PCR protocols or SMRTseq2, and sequenced using DNBseq PE100 (BGI Tech Solutions). After sequencing, raw reads were filtered to remove adaptor sequences and low-quality reads. The data have been deposited in NCBI's Gene Expression Omnibus (37), accessible through GEO Series accession number GSE179800 (https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE179800).

Mapping and statistical analysis
Sequencing data (.fastq files) were mapped to the human genome (hg38) using Tophat2 v2.1.1(38). Count data were generated using featureCounts (within Rsubread v2.0)(39, 40). Statistical analysis was carried out using edgeR v3.28.1(41) with sva v3.34 batch correction(42, 43) and a false-discovery rate (FDR) cut-off of 0.05. R version 3.6.3 was used.

Pathway analysis
Genes with significant changes in expression (FDR<0.05) were analysed using Ingenuity Pathway Analysis (www.ingenuity.com)(44, 45).

Statistics
Statistical analysis of neutrophil functions was carried out using SPSS v24 using Mann Whitney U test, unless otherwise stated. Neutrophil counts at baseline and 48-weeks post-secukinumab were compared by 1-way ANOVA. 

Results

Patient demographics and clinical outcome(s)
The baseline demographics and disease characteristics for the 16 participants who received secukinumab are shown in Supplementary Table 2.  Twelve of these (75 %) achieved a PASI90 response by 12-weeks and two additional patients achieved this by 24-weeks. At 12-weeks all 16 patients had improved joint scores with 75% also achieving a PsARC response. 7/16 patients achieved an ACR20 response at 12-weeks, increasing to 12/16 patients on subsequent visits. No significant dactylitis was seen in any patients. There were no grade 3+ adverse events, or serious adverse events, reported in the trial. All adverse events were independently-assessed and were consistent with previous secukinumab trials. Further follow up during the Covid 19 pandemic (to August 2020) did not reveal any episodes of Covid infection in patients treated with secukinumab. 

Apoptosis 
Figure 1A shows that at baseline, 57% (±10%) of PsA neutrophils underwent apoptosis after 20h culture in vitro, slightly lower than rates observed in healthy, control neutrophils incubated under identical conditions (62%±9%). However, these differences did not reach statistical significance (p=0.3). GM-CSF (Figure 1B) and TNF (Fig.1C) delayed this constitutive apoptosis during 20h in culture, and again, this cytokine-delayed apoptosis was slightly lower in PsA patients, but was not statistically-significant (p=0.34 and 0.57 for GM-CSF- and TNF-delayed apoptosis, respectively). After 12-, 24- and 48-week post-treatment both constitutive- and cytokine-delayed apoptosis of PsA neutrophils was not significantly-different from that of healthy controls. The lower levels of apoptosis recorded at baseline increased over the treatment duration to mirror levels in healthy controls (Fig.1A-C). 

Reactive Oxygen Species (ROS) and phagocytosis
PMA-stimulated (Fig.2A) or fMLP-stimulated (Fig.2B) ROS production by PsA neutrophils was not significantly different to that of healthy controls at baseline.  There was a trend for increased ROS production post-therapy but was not statistically-significant.

Similarly, there were no differences in ability of PsA neutrophils, pre- or post-treatment to phagocytose serum-opsonised S.aureus, compared to phagocytosis by healthy controls (Fig.2C).

Chemotaxis
At baseline, chemotaxis of neutrophils towards IL-8, was slightly elevated above levels in healthy control neutrophils (Fig.2D), but this did not reach statistical significance (p=0.3). Chemotaxis to IL-8 did not significantly-change during treatment. Chemotaxis towards fMLP in patient neutrophils at baseline was similar to that of healthy controls (Fig.2E), indicating no generic increase in chemotactic ability of PsA neutrophils; the small increase in chemotaxis towards IL-8 may be because of in vivo sensitisation to this chemokine. No significant changes in neutrophil chemotaxis were observed in PsA patients post-therapy. 

Receptor Expression
Levels of expression of all receptors analysed were not significantly-different in PsA neutrophils at baseline, compared to healthy controls (Fig.3). During therapy, expression levels of CD11b, CD18 and CD63 increased slightly, but at 48-weeks post-therapy only CD11b levels were significantly elevated above baseline (p=0.021). Furthermore, surface levels of CD16 decreased during therapy but this decrease did not reach statistical significance (p=0.08 at 24-weeks compared to baseline). These observations indicate slow, progressive activation of circulating neutrophils during therapy. 

Low density granulocytes (LDGs)
At baseline, mean values for %LDGs (% of total cells in the PBMC layer) in the blood of psoriatic arthritis patients was elevated compared to healthy controls (Fig.4A). Mean values for healthy controls were 6.5%, in line with previous observations(31), whereas the mean value of the PsA patients was 11.4% (±4.2) but were not significant (p=0.39). However, during therapy, mean levels of LDGs decreased to baseline levels by 48-weeks post-treatment including the patient with high LDGs at baseline (Fig.4B). No unusual clinical features were observed in patients with higher LDGs levels at baseline.

Transcriptome changes in PsA neutrophils following secukinumab treatment
Principal component analysis (PCA) of neutrophil transcriptomes showed separation of samples pre- and post-secukinumab therapy (Fig.5A).  Statistical analysis with edgeR analysis identified that secukinumab significantly down-regulated expression of 394 genes whilst up-regulating expression of 681 genes (FDR<0.05), 12-weeks post-therapy.  Whilst IL17A and IL17F were not expressed by PsA neutrophils, expression of mRNA for the psoriasis-associated chemokine CXCL10 decreased, whereas CCL4L1 expression increased following 12-weeks therapy with secukinumab. Ingenuity Pathway Analysis (IPA) revealed that signalling pathways associated with IL-8 signalling, toll-like receptor signalling and apoptosis signalling were significantly down-regulated by secukinumab (Fig.5B). Pathways up-regulated included EIF2 signalling, macrophage migration inhibitory factor (MIF) signalling and protein kinase A signalling (data not shown). IPA was also used to predict the regulating factors upstream of gene expression, i.e. transcription factors and extracellular cytokines, that were inhibited or activated by secukinumab therapy.  Gene activation in response to IL-1A, oncostatin M and thrombopoietin was predicted to be inhibited by secukinumab (FDR<0.05, Supplementary Table 3).  The NF-B transcription factor complex, IKKB and JAK2 were amongst transcription factors and kinases predicted to be inhibited by secukinumab (Supplementary Tables 4 and 5).  These analyses indicate that secukinumab induced differential changes in the functions of blood neutrophils, with some signalling/transcriptional pathways becoming activated but others selectively down-regulated. 

Transcriptome changes in psoriatic arthritis neutrophils compared to healthy individuals
We compared gene expression from 5 PsA patients pre-therapy with that of 5 healthy controls.  PCA showed clear separation of the two cohorts (Fig.5C), with 6049 genes significantly different between PsA and healthy controls (3754 higher in PsA, 2295 higher in healthy, edgeR FDR<0.05).  IL23a and IL15 expression was higher in PsA neutrophils (FDR<0.05). Signalling pathways higher in PsA patients included death receptor signalling, Rac signalling, PI3K/AKT signalling and activation of NF-B (Fig.5D,E).  In healthy controls, IL-8 signalling, integrin signalling and FcR-mediated phagocytosis were elevated compared to PsA neutrophils (data not shown).  Up-stream cytokines predicted to be regulating neutrophil gene expression in PsA included CSF2 (G-CSF), CD40LG, oncostatin M, interferons gamma and alpha, and TNF (FDR<0.05, Supplementary Table 6).  Several kinase complexes were predicted to be active in PsA neutrophils, including FLT1, NF-B and EIF2AK2 (FDR<0.05, Supplementary Table 7).  Signalling via CDK19 and CDKN1A was higher in healthy control neutrophils.

Discussion
Neutrophil function is altered in inflammatory conditions and their functional changes either reflect or drive changes in disease activity [17,18]. Here, we measured blood neutrophil function in PsA patients and determined if their function: (a) was altered compared to control blood neutrophils, (b) underwent changes following treatment with secukinumab, a fully-human IL-17A neutralising antibody and (c) correlated with changes in disease activity following secukinumab treatment. We measured neutrophil functions associated with host defence against infections (apoptosis, ability to generate ROS, surface receptor expression and chemotaxis) and changes in their transcriptomes, which may: 1) identify signal transduction pathways responsible for in vivo activation, and 2) reveal how these cells both respond to, and express regulatory cytokines/chemokines. 

All (16) PsA patients responded well to treatment with 75% demonstrating PSARC response at 12-weeks and 100% by 36-weeks, with comparable improvements in skin scores: all displayed clinical signs of improvement in disease activity over the duration of the study. No serious adverse effects were reported over the period of the study. Importantly, there were no reported incidences of infections, indicating that secukinumab treatment had no adverse effects on host protection against infections. In vitro measurements on neutrophil function, support these observations: we detected no functional alterations that were significantly different from those of healthy, control blood neutrophils that would impact on host defence. However, we did observe differences in the transcriptomes of blood neutrophils of PsA patients (at baseline) and healthy control neutrophils, and in PsA neutrophils pre- and post-therapy which likely reflect changes in cytokine/chemokine signalling during active disease and post-therapy following blockage of the IL-17A signalling network. These observations indicate that any differences in systemic cytokine/chemokine levels in PsA were insufficient to adversely affect the ability of neutrophils to carry out their host defence activities. Levels of expression of the surface expression of CD11b and CD18 both increased, while surface levels of CD16 decreased in PsA neutrophils during therapy, compared to healthy controls, again indicative of in vivo activation.  

Neutrophil gene expression can be selectively up- or down-regulated upon exposure to pro-inflammatory mediators in vitro[35], and also in the blood of patients with inflammatory diseases(20). Indeed, transcriptome profiling of blood neutrophils in rheumatoid arthritis patients pre-treatment can stratify patients into those who will and will not respond to TNFi therapy(46). We therefore characterised the transcriptomes of blood neutrophils from 5 psoriatic arthritis patients, pre- and 12-weeks post-therapy to determine (a) if they had an altered transcriptome profile during active disease and (b) whether this changed during treatment with secukinumab. These analyses confirm complex changes in the activation status of neutrophils pre- and post-therapy, with some metabolic pathways (e.g. cell signalling, chemokine-mediated cell signalling, chemotaxis) being down-regulated during therapy. Notably, CXCL10 was significantly down-regulated by secukinumab in line with previous observations of IL-17 inhibition in psoriasis (47).  However, several pathways associated with translation, mRNA catabolism, translation initiation were up-regulated. Whilst we did not detect IL17A or IL17F expression by PsA neutrophils, in line with previous findings(48, 49), we observed higher expression of IL23a and IL15 expression in PsA neutrophils (FDR<0.05).  These two cytokines act synergistically to induce IL-17A and IL17F production by cutaneous lymphocyte-associated antigen (CLA) positive T cells from psoriasis patients(50). 

These combined data indicate that during therapy, complex regulation of circulating neutrophil function occurs, with metabolic pathways increased (including receptor expression changes) and others decreased (receptor:signalling pathways). It is also a possibility that if local production of IL-8 by keratinocytes is decreased via IL-17 inhibition, then fewer neutrophils will leave the circulation: hence there may be greater numbers of activated neutrophils in the circulation. In a parallel series of experiments, we failed to detect any effects of IL-17A on highly purified neutrophils from healthy donors in vitro (unpublished). We therefore conclude, that changes observed in circulating neutrophils following IL-17 blockade are indirect via down-regulation of expression of neutrophil-activating cytokines and chemokines (such as IL-8 (CXCL8) and CCL20). Previous work has shown decreased CXCL8 and CCL20 expression in psoriatic skin lesions following IL-17 blockade (47).

LDGs are a recently-identified sub-population of neutrophils that are retained in the upper layer containing PBMCs after Ficol-Paque sedimentation [50]. LDGs have altered patterns of receptor expression and gene expression, and different functional properties compared to normal density neutrophils(31). We found increased numbers of LDGs at baseline in some PsA patients and numbers of these cells decreased during therapy. However, we could not identify any unusual clinical features in those with high numbers of LDGs at baseline.  Given the growing awareness of the presence of these cells in inflammatory diseases and the likelihood that they have altered properties to normal density neutrophils, a thorough analysis of the incidence and molecular properties of these cells in a larger cohort of PsA patients is appropriate. 

Potential limitations of this study include its prospective design and potential for confounding effects from other drugs. Without a control PsA group receiving another treatment, there remains a possibility that the observed changes in neutrophils may have occurred because of decreased of systemic inflammation. To mitigate against the additional potential impact of other drugs, no change in drug therapy was permitted until after the primary endpoint. Both limitations could be explored in a larger randomised control study powered to detect potential confounding effects of other co-administered medicines.  

In summary, these data presented are the first characterising changes in blood neutrophil function of PsA patients pre- and post-therapy with secukinumab. We show subtle, but complex changes in blood neutrophils associated with disease, compared to healthy controls, that include elevated numbers of LDGs (in some patients) and increased chemotaxis towards IL-8. Functions associated with host defence against infections, were unaffected by secukinumab treatment, and there were no changes in blood neutrophil counts (mean at baseline=4.06x109/mL; mean at 48 weeks=3.76x109/mL; p=0.078) . However, PsA neutrophils had altered transcriptomes compared to healthy controls, and secukinumab treatment induced transcriptome changes of PsA neutrophils indicative of in vivo regulation via altered cytokine signalling. 
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Figure Legends
Figure 1. Neutrophil Apoptosis following treatment with Secukinumab
Blood samples were taken at the indicated visits for each patient or healthy control (HC) (n = 16 and n= 10 respectively). Isolated neutrophils were incubated for 20h (± 1h) in the absence (A) or presence of GM-CSF (B, at 50ng/mL) and TNF (C, at 10ng/mL). After incubation, cells were dual stained with Annexin V Alexa Fluor 488 and Propidium Iodide to measure levels of apoptosis by flow cytometry. 10,000 events/sample were analysed.

Figure 2. Neutrophil functions following treatment with Secukinumab
Blood samples were taken at the indicated visits for each patient or healthy control (n = 16 and n= 10 respectively). Freshly-isolated neutrophils were incubated in the presence of luminol and stimulated with (A) PMA (0.1 µg/mL, receptor independent) or (B) fMLP (1µM, receptor dependent). In C, freshly-isolated neutrophils were incubated for 30 min with heat-killed, PI- labelled, opsonised heat-killed Staphylococcus aureus at a ratio of 1:10 before analysis by flow cytometry. In D and E, neutrophils were placed in a trans-well system with a 3µm pore and incubated for 90 min to allow active migration towards known neutrophil chemoattractants; IL-8 (D, at 100ng/mL) or fMLP (E, 0.1 nM). Migrated cells were counted using a Coulter counter and reported as a percentage of the cells moving towards the chemoattractant. 

Figure 3. Neutrophil surface receptor expression following treatment with Secukinumab
Blood samples were taken at the indicated visits for each patient or healthy control (n = 16 and n= 10 respectively). Freshly isolated neutrophils were stained with the indicated conjugated antibodies and analysed using a Cytoflex flow cytometer. 10,000 events/sample were analysed.

Figure 4. Low Density Granulocytes (LDGs) in the blood of patients with psoriatic arthritis
Blood samples were taken at the indicated visits for each patient or healthy control (n=16 and n=10, respectively). The PBMC layer of a Ficoll-Paque density gradient was removed, washed and cells stained for CD14/CD15 and analysed by flow cytometry. The cells measured neutrophil gate were termed LDGs and confirmed by the dual staining as CD15high/CD14low. A shows mean values of LDGs measured in the blood of healthy controls (HC) and patients at the indicated time points post-secukinumab treatment, while (B) shows gating and staining procedure to quantify LDGs and changes in LDGs during therapy.

Figure 5. Analysis of transcriptome data from psoriatic arthritis neutrophils (n=5 pre- and 12 weeks post-secukinumab) and healthy control neutrophils (n=5). (A) Separation of PsA Pre- and Post-secukinumab neutrophil transcriptomes using principal component analysis (PCA). (B) Signalling pathways down-regulated by secukinumab (IPA prediction). (C) Separation of PsA and healthy control neutrophil transcriptomes using PCA.  (D) Signalling pathways up-regulated in PsA neutrophils (IPA prediction). (E) Death receptor signalling pathway was up-regulated in PsA neutrophils compared to healthy controls (red, up-regulated; green, down-regulated; white, no significant change in expression).
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Figure  5




Supplementary Table 1. Antibodies used 

	Antibody
	Supplier
	 Product Code
	Volume used (L)

	CD11b
	R&D
	FAB1699G
	5

	CD16
	R&D
	FAB2546P
	5

	CD18
	R&D
	FAB1730P
	5

	CD62
	Invitrogen
	12-0629-42
	5

	CD63
	Invitrogen
	MHCD6304
	5

	CD64
	BD Pharmingen
	555527
	10

	CD66b
	BD Pharmingen
	555724
	10

	CD177
	BD Pharmingen
	555527
	10

	vitDR
	LS Bio
	LS-C273294
	3

	
All antibody staining performed on 5x105 cells in a 50L volume






Supplementary Table 2 – Baseline demographic data 

	Demographic Characteristics
	Secukinumab
N = 16

	Age (years), median (IQR):
	 
	55.0 (45.0 to 64.0)

	Sex, n (%):
	Female
	9 (56.25)

	
	Male
	7 (43.75)

	Ethnicity, n (%):
	White
	16 (100.0)

	Smoking status, n (%):
	Current smoker
	6 (37.5)

	
	Ex-smoker
	3 (18.75)

	
	Non-smoker
	7 (43.75)

	Alcohol Status, n (%):
	None
	5 (31.25)

	
	Sporadic
	8 (50.0)

	
	Regular
	3 (18.75)

	
	Excessive
	0 (0.0)

	Weight (kg), median (IQR):
	 
	82.85 (66.1 to 103.2)

	Height (cm), median (IQR):
	 
	167.5 (161.8 to 171.0)












































Supplementary Table 3 – Up-stream cytokines predicted to be inhibited by secukinumab.

	Cytokine
	Predicted Activation State
	Z-score
	P-value

	IL1A
	Inhibited
	-2.331
	8.33E-03

	OSM
	Inhibited
	-3.186
	1.21E-02

	THPO
	Inhibited
	-2.589
	1.40E-02





Supplementary Table 4 – Transcription factors predicted to be activated or inhibited by secukinumab.

	Transcription factor
	Predicted Activation State
	Z-score
	P-value

	GATA1
	Inhibited
	-2.033
	3.68E-09

	FLI1
	Inhibited
	-2.18
	1.81E-02

	ETV1
	Inhibited
	-2
	2.02E-02

	CDKN2A
	Inhibited
	-2.445
	2.49E-02

	SPDEF
	Inhibited
	-2.186
	3.32E-02

	CEBPD
	Inhibited
	-2.035
	3.57E-02

	IRF1
	Inhibited
	-2.408
	3.98E-02

	MLXIPL
	Activated
	3.782
	3.09E-04

	MYC
	Activated
	2.475
	9.99E-04

	SOX11
	Activated
	2.045
	9.45E-02






Supplementary Table 5 – Kinase pathways predicted to be inhibited by secukinumab.

	Kinase
	Predicted Activation State
	Z-score
	P-value

	MAPK10
	Inhibited
	-2
	4.59E-03

	CSF1R
	Inhibited
	-2
	1.01E-02

	JAK2
	Inhibited
	-2.327
	1.91E-02

	MAPK1
	Inhibited
	-2.401
	2.44E-02

	IKBKB
	Inhibited
	-2.617
	3.41E-02






Supplementary Table 6 – Up-stream cytokines predicted to be regulating signalling in PsA compared to healthy controls.

	Cytokine
	Predicted Activation State
	Z-score
	P-value

	CSF2
	Activated in PsA
	2.151
	3.31E-10

	CD40L
	Activated in PsA
	2.519
	2.33E-09

	OSM
	Activated in PsA
	4.221
	1.16E-05

	IFNG
	Activated in PsA
	6.386
	6.38E-05

	IFNA2
	Activated in PsA
	3.046
	8.21E-04

	TNF
	Activated in PsA
	3.03
	3.15E-02





Supplementary Table 7 – Kinases/factors predicted to be activated or inhibited in PsA compared to healthy controls.

	Kinase
	Predicted Activation State
	Z-score
	P-value

	FLT1
	Activated in PsA
	2
	5.67E-05

	NFB 
	Activated in PsA
	4.278
	1.36E-04

	EIF2AK2
	Activated in PsA
	2.284
	1.75E-03

	RAF1
	Activated in PsA
	2.02
	1.38E-02

	CAMK2G
	Activated in PsA
	2.19
	3.42E-02

	CDK19
	Activated in HC
	-2.046
	1.39E-06

	CDKN1A
	Activated in HC
	-2.152
	4.24E-04
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